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Let x1, x 2, • • • , x N be a set of N normally and independently dis-
tributed variables. The joint distribution function of the x 1 is: 
(1) f (x1, x2, . . . x N) dx1 dx2 ... dxN 
= (2:n:) -W e-i<x'i+x'2+ · · · + x'N> dx1 dx2 ... dxN 
We define a symmetric quadratic form in the variables x i, i.e., 
• (2) Q =a (x21 + X22 + ... + X2N) + 2b (x1X2 + X1X3 + ... +xN-lxN) ' 
where the coefficient of all the squares, a, and the coefficient of all the 
products, b, are real numbers. 3 We want to establish the distribution of 
the quadratic form Q by means of the method of characteristic functions.4 
The characteristic function of y, say g (y), is definied as: 
+oo +oo 
(3) g(y) =J ... J e1YQ f dx1 ... dxN 
- oo - oo 
+oo +oo 
= J. • • f (2:n:) -iN elya(X21+ ... +X2N)+2lyb(X1X2+ ... +XN-1XN) e-i(X21+ ... +xNJ'dxl ... dXN• 
- oo - oo 
The exponent of the integrand appears as: 
(4) -1h[ (1- 2iay) (x21 + ... + X2N)-4iby(x1X2 + ... + XN-lXN)]. 
The expression in brackets can be transformed by an orthogonal trans-
formation with the following determinant: 
(1 - 2iay), - 2iby, . . . , - 2iby 
- 2iby, (1- 2iay) , ... , - 2iby 
(5) D = = {l-2iy[a+ (N-1) b]} 
- 2iby, - 2iby, . .. , (1 - 2iay) · [l-2iy(a-b) p-1. 
The characteristic function is finally, by integration: 
(6) g(y) = D-i = {l - 2iy[a + (N -1) b]}-l[l - 2iy(a - b) J-l<N-l>. 
'Journal Paper No. J-616 of the Iowa Agricultural Experiment Station, Ames, 
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; 
The distribution of Q, say D (Q) dQ, is established in the following 
manner: 
(7) 
+oo 
D ( Q) = _.!.___ f e-1Q1 g (y) dy 
2:n: 
- oo 
+ oo 
= _.!.___ J e-1Q1{1-2iy[a+ (N-1) b]}-l[l-2iy (a-b) ]-l<N-1>dy. 
2:n: 
- oo 
The integrand in (7) can be transformed in the following way: 
(8) e-1Q1{1-2iy[a+ (N-l)b]}-l[l-2iy(a-b) J-l<N-1> 
= e-1QY[a+ (N-l)b]-l (a-b) -l<N-1> ( 1 -2iy )-1 
a+(N-l)b 
( 1 . )-l<N-1) 
. ---21y 
a-b 
= e-1Q1[a+ (N-1) b]-1 (a-b) -l<N-l> ( 1 -2iy ) -l 
a+(N-l)b 
( Nb 1 ) -lCN-1) 
. (a-b)[a+ (N- l)b] + a+ (N-l)b - 2iy 
=e-1Q1[a+(N- l)b]-i (a- b) -l<N-1> ( 1 -2iy ) -lN 
a+(N-l)b 
I ( Nb ) ( 1 . )-l} -l<N-1) 
· L 1+ (a-b)[a+ (N-1) b] a+ (N-1) b - 21Y 
The last term in braces can be developed in terms of 
( 1 )-1 
a+ (N- l)b - 2iy and (8) becomes: 
(9) e-1Q1[a+ (N-1) b]-1 (a-b) -l<N-l> J ( 1 -2iy ) -lN l a+(N-l)b 
(1hN-1h) ( Nb ) ( 1 . )-lN-1 
- 1! (a-b)[a+(N- l)b] a+(N-l)b - 2iy 
(1/2N-1h) (1hN+ 1h) ( Nb ) 2 
+ 2! (a- b)[a+ (N-l)b] 
( 1 . )-lN-2 i 
. a+ (N-l)b - 2iy - ........ J 
This series can be integrated term by term if we remember that by the 
theorm of residues: 5 
• See also G. A. Campbell and R. M. Foster: Fourier Integrals for Practical Appli-
cations. New York, p. 44, formula 431. 1931. 
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+oo 
(10) -~ e-IQy ( a+ (;-1) b -2iy )-m dy 
(11) 
-:re ( Q )m-1 
= _ e-Q/2[a+<N-l>bJ, 
(m-1)! 2 
Hence the distribution of Q finally becomes: 
-e-Q/2 [a+ <N-1> bJ 
D ( Q) = =---~========~==;=::::::=-2:rcy [a+ (N-l)b] (a-b)N-l 
r (lhQ)lN-1 (1/zN-:Y2) (lfzQ)lN ( Nb ) 
·t(l/zN-1)! - 1!(%N)! (a-b)[a+(N-l)b] 
(1/zN-%) (lfzN+lfz) (1/2Q)lN+l( Nb ) 2 l 
+ 2! (lfzN+l) ! (a-b)[a+ (N-1) b] - .. · J 
-e-Q/2[a+<N-l>bJ (1/zQ) lN-1 
2:rc (:Y2N-l) !y [a+ (N-1) b] (a-b) N-l 
( N 1 N -NbQ ) 
•
1F 1 2-2; 2; 2(a-b)[a+(N-l)b] 
where 1F 1 denotes the generalized hypergeometric function. 6 
(z/2) la-1 e-lz 
Define Fa (z) = 2 (%a-l) ! the distribution of z = 'J.2 for a degrees 
of freedom. 7 Then the distribution of Q can be expressed in terms of these 
distribution. 8 
/[a+ (N-1) b]N-s r ( Q ) 
(l2) -V (a-b) (Nb) N-2 l FN (a-b)[a+ (N-1) b] 
(1/zN-1/z) (Nb) ( Q ) 
- 1! FN+2 (a-b) [a+ (N-l)b] 
(%N-1/z) (%N+lfz) (Nb)F ( Q )- 1 
+ 2! N+4 (a-b)[a+(N-l)b] "'J 
This form is probably the most convenient one for calculations, since the 
x2 distribution has been frequently tabulated.9 
• G. N. Watson: A Treatise on the Theory of Bessel Functions. Cambridge, p. 100. 
1922. 
' S. S. Wilks: op. cit., p. 32. 
•This formula is due to Mr. S. S. Wilks. 
•See e.g. R. A. Fisher: Statistical Methods for Research Workers. 4th ed., London, 
pp. 104 £. 1932. 
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It is known that the ingestion of antirachitic supplemental feeds by 
the cow greatly increases the vitamin D potency of her milk, but no data 
are available showing the effects of antirachitic feeds on the vitamin D 
potency of the milk of the ewe. The experiment reported herein, and a 
similar one conducted simultaneously with cows (4), was undertaken to 
determine the effect of supplemental feeding of irradiated yeast3 , molds 
and ergosterol to ewes and also the effect of exposure of ewes to sunshine 
and ultra-violet light on the vitamin D activity of their milk. Criteria for 
the effect of the antirachitic feeds and irradiation were the rate of increase 
and maximum increase in the vitamin D content of the butter fat during 
the supplemental period, and the rate of decrease during the post-supple-
mental period. 
PRELIMINARY EXPERIMENT 
Three lactating ewes, A, B, and C selected from the main flock, were 
used during the preliminary experiment. Throughout the experimental 
period they were kept inside and fed a basal ration of alfalfa hay, corn, 
and oats. 
Ewe A was given a supplemental feeding of 7,895 Steenbock rat units 
(3) of vitamin D ·as irradiated yeast daily for 8 days. Ewe B received 
21,429 rat units of vitamin D as irradiated molds daily for 28 days, whereas 
ewe C was exposed to the ultra-violet rays from a Cooper-Hewitt mercury 
vapor lamp for 30 minutes daily throughout the 28 days. 
It was found by biological assays that 9.5 grams of butter fat, pre-
pared from a composite sample of milk from ewes A, B, and C collected 
previous to the feeding of irradiated yeast and molds or direct irradiation, 
were equivalent to one Steenbock rat unit of vitamin D. An assay of the 
butter fat produced by ewe A on the seventh and eighth days of the 
supplemental period showed that 1.2 grams contained more than a rat 
unit of vitamin D. This was more than a seven-fold increase in the vitamin 
D potency over that of the pre-supplemental butter fat. A sample of butter 
fat prepared from the milk of ewe B collected on the twenty-third, twenty-
fourth, twenty-fifth, and twenty-sixth days of the supplemental period 
showed that 0.25 gram was equivalent to a rat unit of vitamin D. This 
was a thirty-seven-fold increase in the antirachitic activity of the butter 
1 Journal Paper Number J-634 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 96. 
•Abstract of author's Doctoral Thesis No. 289. Library, Iowa State College. 
• The dried molds and irradiated ergosterol, and the yeast used in these experi-
ments were contributed by Acetol Products, Inc., New Brunswick, N. J., and the 
Fleischmann Laboratories, New York, N. Y., respectively. 
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fat produced by feeding irradiated yeast. Eight grams of butter fat pre-
pared from the milk produced by ewe C at the end of the third and fourth 
weeks of the irradiation period when fed to rachitic rats did not cause any 
calcification in the rachitic metaphyses of the radii and ulnae. An assay 
of a composite sample of butter fat prepared from milk produced by the 
main flock, which was on summer pasture, indicated that 9.5 grams con-
tained more than one rat unit while 8.5 grams contained less than one rat 
unit of vitamin D. 
EXPERIMENTAL 
The results obtained in the preliminary test were used as a basis in 
outlining the main experiment. Since experimental work had shown that 
the ingestion of irradiated ergosterol by cows was a means by which the 
vitamin D content of their milk could be increased the experiment was 
enlarged to include a group of ewes fed this antirachitic supplement. 
Nineteen grade Hampshire ewes, from 3 to 6 years of age, weighing 
from 150 to 210 pounds, were used. Previous to lambing, all the ewes had 
access to winter pasture and in addition were fed a liberal allowance of 
alfalfa hay and a grain mixture consisting of corn and oats. 
To facilitate the collection of milk from the lactating ewes the lambs 
were kept separate from their dams except for three hours immediately 
following the morning and evening milkings. Samples of butter fat were 
prepared from the milk obtained from each of the ewes fed irradiated 
yeast, molds, and ergosterol, and from samples of milk obtained at regular 
intervals throughout the test period from ewes fed no antirachitic 
supplement. 
Rats which had been rendered rachitic were used for the biological 
assays of the various butter fat samples for vitamin D by the procedure 
outlined by Steenbock and co-workers (2). Butter fat from the milk of 
experimental ewes was fed to the rachitic rats by means of a 1 cc. pipette 
calibrated to deliver the fat at 35° to 40° C. The "line test" method de-
veloped by McCollum and associates (1) was used to determine the 
amount of vitamin D in the various samples of butter fat. Groups of six 
to ten rachitic rats were fed at the level of butter fat which most closely 
approximated a rat unit of vitamin D, and a similar number of rats were 
fed these butter fat samples simultaneously at levels 10 per cent above and 
10 per cent below this amount. 
As the 19 ewes lambed they were allotted in five groups A, B, C, D, 
and E, of three ewes each and two groups, F and G, of two ewes each. 
Groups A, B, C, D, and E were kept in a combination shed and dry lot, 
while group F was kept in a darkened room, and group G on pasture. 
Groups A, B, C, D, and E were maintained through three successive feed-
ing periods; a pre-supplemental period of 6 to 12 days, a supplemental 
period of 35 days, and a post-supplemental period of 28 days. The basal 
ration consisted of alfalfa hay and two pounds per ewe per day of a grain 
mixture of ground corn 33.0, ground oats 66.5, and sodium chloride 0.5 
parts by weight, respectively. Supplements to this grain mixture con~ 
sisted of sufficient irradiated yeast or molds previously assayed, to supply 
the antirachitic factor in the desired amount. The irradiated ergosterol 
was added to enough corn oil to make up 2 per cent of the grain ration. 
Each ewe in groups A, B, and C was fed daily 2,500, 7,500, and 15,000 rat 
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units, respectively, of vitamin D as irradiated yeast, while each ewe in 
group D received 7 ,500 rat units of vitamin D as irradiated molds and 
group E 7,500 rat units of vitamin Das irradiated ergosterol. 
It was shown by biological assays that 9.5 grams of the butter fat pre-
pared from the milk produced by each group of ewes during the pre-
supplemental period were equivalent to one rat unit of vitamin D. At the 
end of the fifth week of the supplemental period only 3.5 grams of butter 
fat from the ewes in group A, 1.4 grams from the ewes in group B, 0.65 
gram from the ewes in group C, 1.32 grams from the ewes in group D, and 
2.7 grams from the ewes in group E were required to equal"one rat unit 
of vitamin D. The greatest increase in the vitamin D potency of the butter 
fat took place during the first eight days of the supplemental period and a 
further increase was at a decreasing rate. The irradiated yeast and molds 
when fed to lactating ewes at the 7 ,500 rat unit level were equally efficient 
as a means of increasing the antirachitic potency of the butter fat whereas 
irradiated ergosterol at the same level of feeding was about one-half as 
efficient. 
The rate of decrease in the antirachitic potency of ewe's milk or 
butter fat during the first two weeks after supplemental feeding had 
been discontinued was very rapid. At the end of the four-week post-
supplemental period the antirachitic activity of the butter fat approached 
but did not reach the low level of activity of the butter fat produced during 
the pre-supplemental period. 
The ewes in group F were kept in a darkened room and on a dry feed 
for 81 days with no apparent change in the antirachitic activity of their 
butter fat. At the beginning and at the end of this period 9.5 grams of 
butter fat were required to equal one rat unit of vitamin D. At the end of 
this time their faces were irradiated for two hours daily throughout a 
14-day period with a Cooper-Hewitt mercury vapor lamp. The butter fat 
collected on the thirteenth and fourteenth days of the irradiation period 
had a vitamin D potency such that 7.5 grams were equal to one rat unit. 
This indicated that exposing the faces of the ewes to direct ultra-violet 
rays was only slightly effective as a means of increasing the antirachitic 
activity of the milk. Exposing the ewes in group G to summer sunshine 
and green pasture did not change the antirachitic potency of their butter 
fat. 
MILK PRODUCTION 
Four ewes, A-2, A-3, B-2, and E-3, did not have lambs suckling them. 
Daily records were kept of the amount of milk produced by each. Samples 
of milk were taken for butter fat, calcium, and phosphorus determinations. 
The average daily milk yield during the 35-day supplemental period 
was 894 grams for A-2, 1,050 grams for A-3, 2,301 grams for B-2, and 
1,075 grams for E-3. 
Butter fat determinations were made of the milk produced by the 
four ewes on three successive days during the pre-supplemental period, 
at the end of each week during the supplemental period, and at the end 
of the second and fourth weeks of the post-supplemental period. The 
percentage of butter fat in the milk ranged from 5.15 for the milk produced 
by A-3 at the end of the second week of the supplemental period to 9.18 
for the milk produced by B-2 at the end of the fourth week of the post-
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supplemental period. The day-to-day variations in the butter fat content 
of the milk collected during the pre-supplemental period were as great as 
the variations from week-to-week in the supplemental and post-supple-
mental periods. 
Determinations of calcium and phosphorus content of the milk pro-
duced by each of the four ewes were made at the end of the pre-supple-
mental period, at the end of the second and fifth week of the supplemental 
period, and at the end of the fourth week of the post-supplemental period. 
The average calcium content of the milk produced by the four ewes for 
each of the above periods was 0.20, 0.20, 0.20, and 0.22 per cent, while the 
phosphorus content for these same four periods was 0.15, 0.16, 0.16, and 
0.16 per cent. The percentage of calcium in the milk ranged from 0.18 for 
A-3 at the end of the pre-supplemental period to 0.23 for B-2 at the end 
of the fourth week of the post-supplemental period. The range in phos-
phorus content of the milk samples analyzed was from 0.12 per cent for 
B-3 for a sample collected in the pre-supplemental period to 0.19 per cent 
for A-3 at the end of the fourth week of the post-supplemental period. 
The variations in calcium and phosphorus content seemed to be due to 
the individuality of the ewes rather than to any dissimilarity in their care 
or ration. 
CONCLUSIONS 
Milk produced by nursing ewes contains small quantities of vitamin 
D. The exposure of the experimental ewes to summer feeding conditions 
did not influence the vitamin D content of their milk. The addition of 
irradiated yeast, irradiated molds or irradiated ergosterol to the ration of 
the lactating ewe definitely increased the antirachitic potency of the milk. 
Irradiated yeast and molds were used by lactating ewes with approxi-
mately equal efficiency to increase the antirachitic activity of the butter 
fat produced. Irradiated ergosterol was found to be approximately one-
half as efficient for this purpose as irradiated yeast and molds when fed 
at equivalent levels. The antirachitic potency of the butter fat decreased 
rapidly after the vitamin D supplemental feeding was discontinued. 
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In 1937 a review of mammalian occurrences in Iowa was prepared 
(Scott, 1937) as an introduction to a proposed intensive investigation of 
intrastate distribution. This review included 63 species and subspecies of 
recent occurrence and 17 for which evidence of former or current exis-
tence might be shown with continued research. During the period, No-
vember 1, 1937, to November 1, 1938, approximately 400 specimens of 
mammals from Iowa were preserved in the Iowa State College Collection; 
among these, 15 species and subspecies have been identified as additions 
to the collection. This new material furnished evidence that changes in 
the State list were required. 
All the material here represented, except the weasels, has been 
identified in the Section of Wildlife Surveys, United States Biological 
Survey. For this assistance acknowledgment is made to Dr. H. H. T. 
Jackson and A.H. Howell. The weasel specimens were identified by Dr. 
E. R. Hall, of the University of California. 
So far as the writer knows, the three species and subspecies here 
listed have not been recorded previously from Iowa in a published report. 
supported by specimens. 
Pipistrellus subfiavus subfiavus (F. Cuvier) 
GEORGIAN BAT 
Allen (1871) listed the Georgian bat from Iowa on known distribu-
tion; Van Hyning and Pellett (1910) recorded it without comment. Miller 
(1897, p. 91) wrote of the distribution: "Austral zones and casually parts 
of Transition zone in Eastern United States, from the Atlantic Coast west 
to Iowa and eastern and southern Texas." 
Specimens examined: 
Dubuque County, Dubuque; No. 116 a; Iowa State College Col-
lection; No. 117a; now in U.S. Biological Survey Collection,. 
No. 263853. 
Jackson County, Maquoketa, Maquoketa State Park; No. 90a; 
Iowa State College Collection. 
Mustela rixosa subsp. 
LEAST WEASEL 
The remains of weasels from two pellets of the great horned owl' 
(Bubo virginianus virginianus) have been referred to Mustela rixosa. 
One of the pellets was collected during the winter of 1933-34 from Section 
1 Journal Paper No. J-629 of the Iowa Agricultural Experiment Station. Project 
No. 498 In cooperation with the United States Biological Survey, the American Wildlife 
Institute, and the Iowa State Conservation Commission. 
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28, Highland Township, Wapello County; the other, a freshly ;regurgitated 
pellet, was collected at Emmetsburg, Palo Alto County, on May 16, 1934. 
These occurrences suggest an extensive intrastate distribution. 
Mustela frenata primulina Jackson 
MISSOURI WEASEL 
The two specimens of the Missouri weasel that have been added to 
the Iowa State College Collection were taken from very near the zone of 
intergradation with spadix. 
Specimens examined: 
Boone County, Worth Township, Section 21; No.119a; Iowa State 
College Collection. 
Dubuque County, Mississippi River, 5 mi. SE of Dubuque; No. 
140a (skull only); Iowa State College Collection. 
REINTERPRETATION 
Myotis subulatus subulatus (Say) 
SAY BAT 
Vespertilio subulatus Say, Long's Exped. Rocky Mts. vol. 2, p. 65. 
Type Locality: Arkansas River near La Junta, Otero County, Colo. 
Vespertilio subulatus Allen, 1871, p. 187; Osborn, 1890, p. 42. 
Vesperitillio (sic) subulatus Goding, 1883, p. 330. 
Myotis subulatus Van Hyning and Pellett, 1910, p. 215. 
A preserved specimen of subulatus has been uncovered in the Iowa 
State College Museum to provide for inclusion of this bat in the State 
list. References to subulatus in former lists were interpreted as misidenti-
fications of Myotis keenii septentrionalis and were included in the syn-
onomy for this subspecies by Scott (1937). Reinterpretation is offered 
in the above synonomy. This synonomy is limited to the original descrip-
tion and to records from the lists of Allen (1871), Goding (1883), Osborn 
(1890), Van Hyning and Pellett (1910), Ruthven and Wood (1912), 
Stoner (1918), and Gabrielson (1921). 
Osborn (1892) represented his list of Iowa mammals as having been 
supported by preserved specimens in the Iowa State College Museum. 
Osborn recorded subulatus in both his lists (1890 and 1892) ; however, 
1ike most of the specimens in support of Osborn's paper, the preserved 
specimen of subulatus could not be found. The specimen of subulatus 
recently uncovered in the museum is clearly tagged as having been taken 
at Ames on May 12, 1883, by A. M. Quist. As the date of collection of this 
specimen antedates Osborn's publication, it is more than probable that it 
is a specimen examined and preserved by him or under his direction. 
Van Hyning and Pellett (1910) are scarcely justified in listing subulatus 
as common throughout the State. 
Miller and Allen (1928, p. 168) wrote of the distribution of this sub-
species: "Arid plains and eastern Rocky Mountain region from Kansas 
and southeastern Colorado north to Montana.''-
Specimen examined: 
Story County, Ames; No. 257a; now in U. S. Biological Survey 
Collection. 
ADDITIONS TO COLLECTION OF MAMMALS FROM row A 
HYPOTHETICAL OCCURRENCE 
Rangif er sp. 
CARIBOU 
241 
A fragment of antler, probably from a brow tine of a caribou, was 
collected in a stream bed near Logan, Harrison County, by Charles 
Yocum. This brings up the question of the occurrence of this mammal in 
Iowa. The fragment was loaned to Iowa State College for examination 
and is preserved in the Yocum private collection. 
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BIOLOGICAL ASSAY OF FEEDING STUFFS IN A BASAL RATION 
FOR COCCIDIUM-GROWTH-PROMOTING SUBSTANCE1 
111. DRIED FISH MEAL, ALFALFA MEAL, WHITE WHEAT FLOUR 
ELERY R. BECKER AND PHILIP C. WATERS 
From the Department of Zoology and Entomology, Iowa State College 
Received April 5, 1939 
This is the third report of a series in the biological assay of feeding 
stuffs in basal ration for hypothetical coccidium-growth-promoting sub-
stance. The procedure for making the assays was that employed by 
Becker and Derbyshire (1937). W-values and F-values are to be defined 
as in the second report (1938) by the same authors. 
ASSAY OF DRIED FISH MEAL 
Whiting canned in tin and marketed for feeding poultry was pur-
chased from the packer on the Atlantic Coast. According to information 
supplied by the distributor, the canned wet product contained 18.8 per 
cent protein. It was dried at 72° C. in an electric oven for 24 hours, ground 
to a powder in a coffee mill, and fed in the basal ration at the 10 per cent 
level. The dried product should have contained not less than 60 per cent 
protein. 
TABLE 1. Oocyst counts and weight gains for rats on 4 per cent dried yeast and 10 per 
cent fish meal (dried "ATCO") 
(1) (2) 
Reference series Test series Ratio (2): (1) 
Weight Weight 
Rat gain 00cysts gain Oocysts Weight Oocyst 
Trial number (gm.) (10') (gm.) (108 ) gains counts 
1 Died Died 26 22 
2 36 107 20 32 
3 43 76 22 27 
4 39 39 19 19 
1 5 40 99 17 10 
6 33 35 25 23 
7 43 53 10 19 
8 44 61 24 18 
Mean 39.7 67.14 20.4 21.25 0.51 0.32 
9 22 93 14 58 
10 27 146 19 17 
2 11 17 175 8 30 
12 24 141 15 46 
13 25 104 10 21 
Mean 23 131.8 13 34.4 0.57 0.26 
w 0.534 
F 0.30 
1 Supported in part by grants from the American Academy of Arts and Sciences, 
and the Industrial Science Research Institute at Iowa State College. 
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Table 1 summarizes the results. The W-value of 0.534 indicates that 
growth was seriously impaired although the animals were on the rations 
only 16 days before the last weighing. Tests were not carried out to 
ascertain in what respects the fish was incomplete, since the immediate 
concern of the authors was with the effect on the parasite rather than 
the host. The F-value of 0.30 is presumed to indicate for the fish meal a 
paucity of the materials necessary for coccidium-growth. The F-value is 
very close to that of 0.311 previously reported (1937) for meat scraps, but 
the W-value is almost 5 times as high as for the meat scraps. 
ASSAY OF ALF ALFA MEAL 
The particular alfalfa meal fed in this experiment was a brand manu-
factured in the West, and declared to contain at least 13 per cent protein. 
Since alfalfa meal is bulky and contains much fiber (about 30 per cent), it 
was fed at the 15 per cent level rather than at that of 30 per cent previously 
adopted for stuffs containing less than 30 per cent protein. 
TABLE 2. Oocyst counts and weight gains for rats on 4 per cent dried yeast and 15 per 
cent alfalfa meal 
(1) (2) 
Reference series Test series Ratio (2): (1) 
Weight Weight 
Rat gain Oocysts gain Oocysts Weight Oocyst 
Trial number (gm.) (10' ) (gm.) (10' ) gains counts 
1 49 166 47 198 
2 47 272 27 201 
3 33 111 29 258 
4 39 354 32 336 
1 5 44 201 33 594 
6 45 152 38 201 
7 48 171 40 240 
8 41 165 26 198 
9 48 ... .. 292 
Mean 43.8 199 34 279.8 0.78 1.41 
10 41 167 33 326 
11 49 226 35 384 
12 45 216 31 272 
2 13 52 215 34 375 
14 44 281 27 286 
15 49 176 39 267 
Mean 46.7 213.5 33.l 318.3 0.70 1.49 
16 41 158 44 204 
17 40 133 22 266 
18 46 110 31 118 
19 45 164 23 234 
3 20 46 123 31 242 
21 33 159 42 219 
22 33 201 28 214 
23 42 185 32 302 
Mean 40.8 154.1 31.6 224.9 0.77 1.46 
w 0.76 
F 1.45 
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The W-value of 0.76 as shown in table 2 indicates that growth on the 
alfalfa was only about three-fourths as good as on the 4 per cent yeast. 
This is somewhat surprising, since bright green alfalfa is known to contain 
considerable amounts of vitamins A, B, D, E, and G. 
Despite restricted host-growth, the F-value was 1.45, a relatively high 
figure. Presumably, then, alfalfa contains liberal amounts of the hypo-
thetical material or materials necessary for coccidium-growth. 
ASSAY OF WIIlTE WHEAT FLOUR 
In previous papers we reported that the W- and F-values for whole 
wheat were 1.628 and 0.922, respectively; for wheat bran, 1.73 and 1.91; 
for wheat middlings, 1.72 and 2.65. Hence, it seemed logical to test the 
white flour. The particular brand employed was a widely used, nationally 
advertised brand. It was fed at the 30 per cent level. 
The results of the experiment summarized in table 3 yielded a W-
value of 0.59 and an F-value of 0.52. Thus white wheat flour was far 
inferior to wheat, wheat bran, or wheat middlings in sustaining both host-
growth and parasite-growth. 
DISCUSSION AND SUMMARY 
Since this completes, for the present at least, our program of assaying 
feeding stuffs for their "coccidium-growth-stimulating properties," it 
TABLE 3. Oocyst counts and weight gains for rats on 4 percent dried yeast and 30 per 
cent white wheat fiour 
(1) (2) 
Reference series Test series Ratio (2): (1) 
Weight Weight 
Rat gain Oocysts gain Oocysts Weight Oocyst 
Trial number (gm.) (10•) (gm.) (10' ) gains counts 
1 29 109 21 73 
1 2 39 97 21 77 
3 33 129 19 67 
Mean 33.7 111.7 20.3 72.3 0.60 0.65 
4 30 306 22 102 
5 36 248 21 87 
6 27 151 23 67 
2 7 36 164 32 105 
8 43 125 22 110 
9 25 89 19 40 
Mean 32.8 108.3 23.1 85.1 0.70 0.79 
10 65 103 32 27 
11 47 155 30 56 
12 59 115 21 37 
13 58 158 28 42 
3 14 63 159 35 31 
15 51 152 31 67 
16 61 265 27 28 
17 50 132 28 37 
Mean 56.8 154.9 29 40.6 0.51 0.26 
w 0.59 
F 0.52 
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seems desirable to summarize briefly in semi-tabular form the stuffs tested 
in the order of their F-values (W-values in parenthesis): 
Feeding Stuffs F 
Dried fish (whiting) .............................. 0.30 
Meat scraps .............................................. 0.31 
Yellow corn ...................... ........................ 0.47 
Oat hulls ................ ........................ .... ...... .. 0.49 
Soy bean oil meal .................................... 0.51 
White wheat flour ....................... ... .......... 0.52 
Hulled oats ................................................ 0.59 
Whole wheat ............................................ 0.92 
Linseed oil meal ...................................... 0.94 
Barley ........ ................................................ 0.98 
Alfalfa meal . ... .......... .. .... .. ..... ... .... ... . . ..... .. 1.45 
Rye ........................................................ .... 1.83 
Wheat bran ........ .. ... ... .... .......... ......... ..... .. 1.91 
Wheat flour middlings (gray shorts) .... 2.65 
(W) 
(0.53) 
(0.11) 
(1.092) 
(0.69) 
(1.00) 
(0.59) 
(1.25) 
(1.63) 
(0.80) 
(0.92) 
(0.76) 
(1.50) 
(1.73) 
(1.73) 
'The summary depicts most strikingly the extent to which the number of 
oi::icysts eliminated during experimental coccidium infection can be con-
trolled through the composition of the ration. 
In one of the previous papers (1937) it was emphasized that the 
extent of the parasite's (Eimeria nieschulzi's) reproduction in its host, as 
measured by oi::icyst counts, is not simply a function of the rate of growth 
of the host. While, admittedly, the summary shows a certain degree of 
correlation between F-values and W-values, there are pertinent examples 
to support our previous contention: (1) Yellow corn, with a slightly 
higher W-value than barley, has an F-value less than half as great; (2) soy 
bean oil meal has a W-value of 1.00 which exceeds that of white wheat 
flour by about two-thirds, but the F-values are approximately the same; 
(3) there is little difference between the F-values for wheat and linseed oil 
·meal, but the W-value of the former is twice that of the latter. A number 
of similar comparisons are apparent. 
Likewise, the previous conclusion that the differences in oi::icyst 
counts are not attributable to the amount of fiber in the supplement is 
·further borne out; for example, alfalfa meal and oat hulls both contain 
about 30 per cent crude fiber, but the former's F-value is approximately 
three times the latter's. Numerous other examples could be given to 
support the contention regarding fiber. 
At the present time no better hypothesis can be devised to explain 
the differential effects of the supplements on the coccidium population 
than the one previously stated by Becker and Morehouse (1937); namely, 
that there occurs in many feeding stuffs, often in association with vitamins 
·Band G, a peculiar nutrient of the coccidium. It is our present intention to 
·make this hypothesis the central problem of future investigation. 
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During the last 40 to 50 years the human population has increased 
rapidly in Brazil as in other tropical countries. The older cities are becom-
ing more populous and new cities are arising. The urban population and 
the consumption of milk and milk products have increased together. 
For several reasons, among which may be cited easy transportation, 
nearness to the markets, and natural conditions suitable for cattle raising, 
the southern and southeastern regions of the State of Minas Gerais are 
important sources of milk for the cities of Rio de Janeiro and Sao Paulo. 
The native stock and Brahman breeds could not satisfy the demand 
for fresh milk. To solve this problem, the Federal (Ministerio) and State 
(Secretaria) Departments of Agriculture have imported animals of 
European dairy breeds, notably Holstein-Friesian, Jersey, Guernsey, 
Brown Swiss2 and some dual-purpose cattle, such as Simmenthaler and 
others. The main objectives of these importations were to increase the 
number of purebred cattle, raised chiefly in the Experiment Stations, and 
to provide purebred bulls for lending to farmers for crossbreeding 
purposes. 
The imported breeds have been crossed with native and Brahman 
cattle so that there are now found in these regions of the state crossbreds 
of various and partly unknown degrees of crossing. 
The grading up method of breeding was recommended, as in other 
countries, but in general this process has failed, and the farmers are trying 
to develop a new type capable of thriving under the farm conditions of 
these regions. The practical experience of the breeders establishes that: 
(a) the Brahman and native cows are resistant to environmental condi-
tions, but they are in general poor producers; (b) the purebred cow is 
not hardy enough under the actual farm conditions; ( c) the infusion of 
imported blood upon native or Brahman stock improves the milking 
capacity; ( d) as the amount of imported blood increases beyond a limit 
that is not definitely determined, hardiness decreases and the milk pro-
duction falls along with it. 
These facts have led the farmers to a practice called "blood refresh-
ing" in an effort to control the losses such as weakness and low production 
from continually grading with purebred bulls. This is done in two ways 
(1) using high grade bulls on grade cows or (2) backcrossing the high 
grade cows to the original basic stock (as a rule Brahman). 
1 The author made this study during a year spent in graduate work at the Iowa 
State College under the guidance of Dr. Jay L. Lush of the Animal Husbandry 
Department. 
•The Brown Swiss is considered a dual-purpose breed in some countries, but in 
Minas Gerais, Brazil, this breed is raised almost exclusively for milk purposes. 
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The object of the present study was to identify and describe some of 
the factors which have an important effect on milk production, under the 
conditions of the "penkeeping system" usually known in Brazil as "sistema 
de retiros." 
ENVIRONMENT 
The environment plays an important part in dairy cattle production in 
Minas Gerais. Among the important environmental factors may be named 
climate, topography, pests and diseases, and management. 
Minas Gerais is in the central part of Brazil, between the 15th and 
20th parallels south, in the tropical belt. The temperature ranges from 
0 to 40° C. Rhoad (20) found for four years an average of 254.110-hour 
days per year of tropical temperature. The relative humidity ranges from 
57 per cent in August to 81 in December and January, and the annual 
average is 70 per cent3 • In the municipality of Leopoldina the average 
precipitation was 1,156 mm. for 1934, 1935, and 1936. There are two 
definite seasons in the year, a rainy (from October to March) and a dry 
season (from April to September). 
Among the important pests and diseases are: Ticks, "berne" (Derma-
tobia hominis) , flies, worms, foot-and-mouth disease, anthrax, black leg, 
pneumonia, tuberculosis, tick fever-some of which are equally dangerous 
to animals and men. 
The system of management is one of the most important factors 
affecting cattle production in this part of Brazil. Rhoad (21) , studying a 
dairy herd of the same region, referring to this management, wrote that 
"the cattle are kept on pasture the year round, fattening and giving an 
abundance of milk during the wet season, losing weight and drying up in 
milk flow during the winter or dry season. Making hay or preparing in 
any way for the winter season is not a general practice. For convenience 
of management the large herds are divided into 'retiros' or pens 20 to 40 
head each and distributed over the farm in accordance with the particular 
farm conditions. Each pen has a simple shelter joined by a small corral. 
To this corral the cattle are brought twice a day, early in the morning to 
be milked and again in the afternoon to separate the calves from their 
dams. The calves remain separated until morning when one by one they 
are tied close by their dam to remain there until the cow is milked. The 
calf is then turned loose to get the strippings and to remain with its dam 
in the pasture until separated in the afternoon. 
"There results from this method of management a very close psycho-
logical relationship between the cow and her calf. Many cows will not 
'let down' their milk in the absence of the young. This is so characteristic 
of native and crossbred cows that when a calf dies its dam invariably goes 
dry shortly after." 
However, the farm from which the present data were taken has a 
system of management a little different from that cited in the foregoing. 
The bulls are in the pastures with cows only from May 20 to January 20, 
so that the births occur in the dry season (approximately from March 1 
to October 31). However, this practice is not rigorously followed, because 
the purebred bulls borrowed from the Department of Agriculture are 
• These figures refer to Vi!;osa, 640 m. above the sea level. 
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used at any time of the year. Apparently no special attempt has been 
made to breed the heifers at a definite age. 
In this herd chopped sugar cane and, in recent years, some native 
grass silage are provided during the dry season. This feed is put in several 
mangers for all milking cows at the same time. It appears that this feed-
ing, although not abundant, has maintained the cattle in a better condition 
than is usual on many farms and has even kept the milk production from 
declining during the winter months. 
MATERIAL AND METHODS 
For this analysis, the records of the Simmenthaler herd of the Fazenda 
Niagara, Leopoldina, Minas Gerais, were used. Mr. Gabriel Junqueira 
has continued the work of his father, started approximately 30 years ago, 
in an endeavor to establish a dairy herd for his own purposes. Although 
the predominant blood of the cattle is Simmenthaler, there is also some 
Brown Swiss blood from several grade cows, purchased on neighboring 
farms for their special dairy qualities. This breeder still had to use a pure-
bred Holstein bull in 1933 because of a foot-and-mouth disease attack that 
made the Simmenthaler bulls completely unserviceable. 
During these 30 years bulls and cows of several degrees of blood from 
one-eighth Simmenthaler to purebred were used. For many cows the 
amount of European blood was known. 
Records of production during 19 years have been considered in this 
study. Only records of cows which had already left the herd were in-
cluded. The herd records are kept carefully and give the day of the cow's 
birth, length of the lactation period, total milk yield and some remarks, 
such as death of calf, occurrence of foot-and-mouth disease and disposal 
of the cow. 
The individual production was measured every fifteen days on the 
first and sixteenth of each month, using a "specially devised container that 
eliminated the voluminous effect of foam, produced by pouring warm milk 
into the container"4 • The milk for the calf was always left in the cow's 
udder. The production of every cow was recorded separately, and at the 
end of the lactation the sum of the bi-monthly records X 15 gave the total 
milk yield for the lactation. 
The figures for the total milk yield and lactation period for every 
lactation were simply copied from the farm book without any change, as: 
the data were correct from the practical point of view. In many cases the· 
length of lactation period (from calving to weaning) was really longer 
than that recorded, but this did not affect the accuracy, for the cow was 
then producing so little that the milk was not measured. The weaning was 
thus delayed for 10 or more days to permit the cow to go dry naturally 
without udder troubles or a sudden change in the calf's feeding. 
The length of service period was calculated for every lactation by 
subtracting 283 days from the interval between the dates of two successive 
calvings. 
The interval between the date of weaning and the next calving is 
considered the dry period. 
• Rhoad in his work (21) described this container which is generally used on the· 
farms of that region. 
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LITERATURE 
Several tropical and sub-tropical countries have tried the so-called 
fine breeds and some results have been reported. 
Hammond (8) emphasizes that for transferring animals from temper-
ate to tropical regions, not only the resistance to diseases and adaptability 
to conditions of nutrition should be remembered, but also the ability to 
withstand high temperature. 
Bisschop (1) from South Africa has indicated that a certain limit to 
the grading up policy is necessary to prevent the failure of imported 
breeds. 
Tarantino (24) reported that in Italian Somaliland the reddish cattle 
are well adapted to work under the most arduous conditions. The native 
cows are poor producers, but the Sardinian Brown crossbreds are better 
milkers. 
Bunting and March (2) report that no indigenous domesticated cattle 
are found in Malaya, the herd at Serdang consisting of imported Mont-
gomeries, Friesians and some crossbreds, and Jerseys. The imported and 
locally bred Indian cattle have thrived, but the European breeds have not 
given satisfactory results. 
Hammond (9) attributes the failure of European breeds in Jamaica 
and Trinidad to tick fever, long hair, white skin, improper feeding and 
possibly climate. He reports the breeds varied in the extent to which the 
degenerative changes occurred, the smaller breeds being less affected than 
the larger ones. 
Edwards (5), working also with material from Jamaica, points out 
the value of a proper genetic constitution of cattle for tropical conditions. 
He shows that a well bred Guernsey bull reduced the milk yield 400 
pounds, while a pure Montgomery bull increased the yield 970 pounds. 
It is emphasized in this work that the improvement in constitution was 
more remarkable than in milk production. He concludes from his study 
that "the occurrence of the highest average yields among the grades 
possessing one thirty-second to one quarter Zebu blood coupled with a 
lower percentage of failures in these grades, points to their being the 
most satisfactory medium for the development of a new breed suited to 
the environment." 
Kartha (13), comparing the efficiency of the Indian cow, the half-bred 
cow and the buffalo as producers of milk and butter-fat, concludes that 
under existing conditions the buffalo is more economic for the villager. 
In Minas Gerais, Brazil, Carneiro and Rhoad (3) found that "pure-
bred Holstein calves from imported dams showed a decrease in the rate 
of growth relative to the normal growth of the breed. This growth check 
occurs from the fourth month on and is accentuated after the sixth month. 
Environmental factors other than nutrition and care are responsible for 
the sub-normal development. Under similar conditions crossbred calves 
develop normally." 
Rhoad (21) , working with cattle in Minas Gerais, Brazil, found no 
distinction between yields of first, second, and third lactations under the 
penkeeping conditions. His work showed also a pronounced effect of the 
dry season on milk production and on the reproductive capacity of the 
animals. More recently Rhoad (20) has shown the influence of environ-
mental temperature on the respiratory rhythm of dairy cattle in the 
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tropics (M. Gerais), as "at 36° C. the European cattle apparently reached 
their maximum efforts of physical regulation through the lungs. This, 
however, was not indicated in the respiration curve for Zebu cattle." 
R. Joviano (12) reports results (1919-1932) in the Federal Experi-
ment Farm of Pedro Leopoldo, M. Gerais, with some imported breeds. 
In 12 years 77 Brown Swiss calves were born, of which 20 died. The year 
of 1931 marks the smallest percentage of calf deaths-30 per cent. Re-
garding the Simmenthaler, in 6 years 47 individuals were introduced to 
the farm. During this time 26 calves were born, of which 12 died; of the 
mature individuals 32 died. The Farm received the first lot of Holsteins 
in 1928, and others in 1929 and 1930, making a total of 45 head, of which 
only 25 were still alive in 1932. 
Rhoad (22) showed a good increase in the milk yield by changing 
high-grade Holstein cows from the penkeeping system to a modern 
system of management. 
The present results in general agree with those found by Edwards (5) 
in Jamaica and by Rhoad (21) in Brazil. The likeness of objectives and 
environment led the writer to consider the two previous studies as points 
of reference in analyzing and interpreting the present results. 
RESULTS 
On most points the data are summarized in tables according to 
F isher's (6) method of "Analysis of Variance." The figures following the 
± sign refer to standard error throughout this study. 
AGE OF THE HEIFERS AT FIRST CALVING 
It is known that cattle in the warm climates require more time to 
mature than in temperate regions. Edwards (5), working with material 
from Jamaica, found that the heifers usually calve for the first time when 
about 3.5-4 years old. They may be considered late in this respect since 
Plum and Lush (17) found a mean age at first freshening of the heifers 
in the Iowa Cow Testing Associations of 27 .1 months. 
For only 282 heifers were the ages at first calving known definitely; 
the mean age of these was 38. 7 ± .3 months. The standard deviation was 
4.9 months. 
To find whether there was any relation between the time of year when 
the heifer was born and her age at first calving, the heifers were sorted 
according to the month of birth and for each of the 12 resulting groups the 
ages at first calving were studied. The results are shown in table 1. 
TABLE 1. Month of birth of the heifers and their age at first calving 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total 
No. in 
the 
month . . 4 17 57 49 35 26 22 11 20 22 11 8 282 
Mean 
age in 
months. 39.7 40.0 38.1 38.8 37.9 38.2 38.1 40.7 38.4 39.2 40.5 38.5 38.7 
Table 2 shows the analysis of variance at age of first calving between 
and within groups sorted according to the month in which they were born. 
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TABLE 2. Variance of age at first calving as related to time of year when born 
Degrees of freedom Sum of squares Mean square 
Total .. ...... .. .... .... .. .. ... 281 6,834 24.3 
Between months ... .. ......... 11 177 16.1 
Within months ....... ..... .... 270 6,657 24.6 
There is no indication that the month of birth of the heifers has an in-
fluence on their age at first calving. 
Table 3 shows that the distribution of calving throughout the year is 
about the same for heifers as for the cows. Apparently no attempt was 
made to have the heifers calve for the first time at a definite age. 
TABLE 3. Percentage of heifers and cows calving at various months of the year 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Heifers .... .. 1.0 5.3 30.0 15.3 10.6 8.0 8.0 3.6 7.3 8.0 2.0 0.6 
Other cows . . 4.5 6.5 24.6 13.7 10.8 9.4 9.3 5.2 4.5 5.2 2.3 3.6 
THE PRODUCTIVE LIFE OF THE COWS 
In many countries, even those where the dairy industry is really ad-
vanced, the length of productive life is an object of discussion or is not well 
known at the present time. Lush and Lacy (15) found that the average 
productive life (from the first to the last calving) among registered cows 
of the dairy breeds in the United States is 3.5 years and that 28 per cent 
are replaced every year. 
Practically nothing is known about this under the penkeeping condi-
tions. In the present study we tried to clarify this, despite the small 
number available and the limitation of the data to only one farm in Minas 
Gerais. 
The date of weaning in the last normal lactation was considered the 
end of the productive life, because in most cases the death of the cow was 
not recorded. Usually the cows were sold to the butcher or died a short 
time after weaning. The results were: 
Number of cows ................ .................................. .. ........ ...... .......... 278 
Mean age at which the cows were culled (date of weaning 
in the last normal lactation) ........... .. ................................... 112.5 months 
Sta.ndard deviation .................... ....... ............................................. 38.0 '' 
Productive life (from first calving to the end of the last 
normal lactation) .............................................................. .... 73.8 " 
The productive life of the cows seems long, when those found in the United 
States and Britain (23) are considered. 
Because it was thought that the age at first calving might affect the 
productive life that relation was explored. The figures in table 4 show no 
indication that age at first calving affected the length of the productive 
life. The correlation was not significant, r = -.051. 
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TABLE 4. Variation in length of productive life 
Degrees of freedom Sum of squares Mean square 
Total 
························· 
277 400,275 1,445 
Between ages at first calving .. 25 26,908 1,076 
Within ages at first calving .... 252 373,367 1,482 
MILK YIELD 
The average milk yield for 1,196 lactations studied was 1,221 ± 13 
liters, 65 liters higher than that found by Rhoad (21). This difference is 
small but statistically significant. However, this higher yield was pro-
duced in a longer lactation period. 
The yields ranged from 275 to 3,575 liters, but a large part of this 
wide variability was caused by the variation in length of lactation period. 
LACTATION PERIOD 
The mean length of lactation period was 321 -+- 2 days, but the range 
was extremely high, extending from 108 to 693 days. As will be seen later, 
the lactation period is one of the most important factors affecting the total 
milk yield. 
SERVICE PERIOD 
Rhoad (21) emphasized the importance of the service period for 
determining the reproductive ability of the dairy herd under the pen-
keeping management. The long service periods of the Brahman cows have 
been noted by several workers and this fact may have influenced results 
obtained in the present study, since the type of cows showed the occur-
rence of Zebu blood. Detailed information regarding the breeding of the 
original foundation cows was not available. 
The average service period is 197 ± 4 days, which is higher than that 
found by Rhoad (21) in the same region and under similar management, 
but is not extreme and is close to that found by Edwards (5) for Jerseys 
at Jamaica-196 days. The range was 892 and the standard deviation was 
143 days. 
DRY PERIOD 
The dry period averaged 109 ± 2 days, and the variation in this was 
not extreme. The standard deviation was 61 days. 
TABLE 5. Summary of the results fCYr milk yield, lactation period, service period, and 
dry peri.od 
Number Mean Standard deviation 
Mille yield .............. 1,196 1,221 ± 13 liters 443 liters 
Lactation period ......... 1,196 321± 2 days I 87 days 
Service period ....... ... 1,060 197 ± 4 days I 143 days 
Dry period .............. 1,056 109± 2 days I 61 days 
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MONTH OF CALVING AND YIELD 
Edwards (5), studying records of production from Jamaica, found 
that the yields of cows calving during the dry season were higher than 
those of cows calving in the wet season. 
Rhoad (21) working with cattle of Leopoldina, M. Gerais, found 
similar results, that is, a relation between month of calving and milk yield. 
Cows calved in May, June, and July (dry season) had a higher milk 
production and a correspondingly longer period of lactation than those 
calved in the rainy season. He believed this fact was "due to the natural 
good fleshing of dry pregnant cows as they enter and go through the 
drought season. Cows of this group have niore body reserves for carrying 
them through the drought and will produce a normal quantity of milk for 
the dry months. About the time their body reserves become exhausted the 
rains come, furnishing an increasing supply of food and thus sustain pro-
duction for 30 to 40 days longer than normal." 
In the present study, 1,193 lactations were grouped according to the 
month of calving in order to find out if this factor has some effect on milk 
yield. The average production for the cows in each such group is shown 
in figure 1. The plus and minus deviations from the general mean are 
irregular and do not indicate clearly any effect of the season of freshening. 
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MONTHS OF FRESHENING 
FIG. 1. Yield as related to month of freshening 
TABLE 6. Analysis of variance CYf the influence of month of calving on milk yield 
(Milk yield is expressed in units of 50 liters) 
Degrees of freedom J Sum of squares I Mean square 
Total ................ . ... . ... . 1,192 I 93,932 I 19 
Within months . ....... ... . . .. . 1,181 92,679 78 
11 I 1,253 I 114 Between, months .... .... ..... . 
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The analysis of variance did show a slightly larger mean square 
between months than within months, but the difference was not statisti-
cally significant. 
The difference between the findings recorded in table 6 and those of 
Rhoad (21) possibly may be attributed to the fact that no supplementary 
feed was available during the dry months, while in the present data a small 
amount of supplementary feed was given to the herd during the dry 
season. This is only a tentative explanation. 
AGE OF THE COWS AND MILK YIELD 
Usually it is established that in temperate climates the highest milk 
yield occurs when cows are 7 to 9 years old. In the tropics the time of 
highest milk yield is not established. Edwards (5) found the maximum 
production at the fifth lactation, when he compared "the average yield of 
first calvers with the average of the same group of animals in their second 
lactation, and so on." However, when he compared the lactations by ages 
without regard to whether the same cows were represented, there was a 
slight increase in production to the fourth lactation. He explained this in 
part by supposing that many of the best cows lacked the proper constitu-
tion to endure tropical conditions and were incapable of producing 
normally for more than one or two lactations. 
Under penkeeping conditions Rhoad (21) found little difference in 
milk production of the first, second, and third lactations. He attributed 
this to the feeding conditions and lack of culling poor producers. 
In the present study 1,085 lactations were grouped according to the 
age of the cow at freshening. The results are shown in table 7 and figure 2. 
TABLE 7. Analysis of variance of age on milk yield 
(Milk yield expressed in units of 50 liters) 
Degrees of freedom I Sum of squares I Mean square 
Total ......................... 1,084 77,562 72 
Between ages ................. 25 4,202 168 
Within ages .................. 1,059 73,360 69 
The influence of age on milk yield is significant statistically but not 
important practically, for the mean square is reduced only about 3 per 
cent by holding age constant. 
Two facts in figure 2 are worthy of comment (a) the remarkable fall 
of the yield curve at 38.5, 44.5, and 50.5 months of age and (b) the approxi-
mately constant production at the ages from 56.5 to 128.5 months. The 
irregularity at ages past 134.5 months is mainly because of the few 
lactations at these ages. 
Variations in length of the lactation period are at least partially 
responsible for this fall in yield at the younger ages. 
When the average of the total yield was found for every age group and 
divided by the corresponding average number of days of lactation, then 
this decrease in yield at the younger ages disappeared and the daily milk 
yield rose steadily to 56.5 months of age, as shown in figure 3. 
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FIG. 2. Gross yield as dependent on age of cow at freshening 
THE INFLUENCE OF LENGTH OF LACTATION PERIOD ON YIELD 
mean 
The highest yields were in general those made during long lactations 
w4ereas the low tended to be from short lactation periods. The analysis 
of variance (table 8) showed a highly significant result. Variance in yields 
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FIG. 3. Average yield per day in milk for cows freshening at various ages 
TABLE 8. Analysis of variance of the inftuence of lactation length an milk yield 
(Milk yield is expressed in units of 50 liters) 
Degrees of freedom Sum of squares Mean square 
Total .... .. .... ......... ..... . 1,195 94,010 79 
Between groups with different 
lengths of lactation period .. . 37 46,119 1,246 
Within groups having the 
same lactation period ... ... . 1,158 47,891 41 
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was reduced 47.4 per cent when lactation period was held constant. The 
correlation between yield and lactation length was +.69. Since the square 
of this correlation coefficient is almost identical with the fraction of the 
variance which disappears when length of lactation is held constant, the 
relation is practically linear. 
This linearity is reasonable on the basis that the management-one 
milking daily, the natural calf feeding (suckling its dam), feeding condi-
t ions of the dairy cows-keeps the daily milk yield at a relatively constant 
level. 
Figure 4 shows the mean yields for each length of lactation and the 
regression of milk yield on length of lactation period. From this regression 
appropriate factors for correcting milk yield to a standard lactation length 
of 305 days have been tabulated. They are shown in table 9. The regres-
sion equation is: 
Estimated yield= 1,166.67 + 3.52 (L.P.- 305). 
93.07 + 3.52 L.P. 
TABLE 9. Factors for correcting milk yield to a standard lactation length of 305 days 
Lacta- Correc- Lacta- Correc- Lacta- Correc- Lacta- Correc-
ti on ti on ti on ti on ti on ti on ti on ti on 
period factor period factor period factor period factor 
103 2.562 233 1.278 358 .862 498 .644 
108 2.467 238 1.254 363 .851 493 .638 
113 2.378 243 1.230 368 .840 498 .632 
118 2.296 248 1.208 373 .830 503 .626 
123 2.219 253 1.186 378 .819 508 .620 
128 2.147 258 1.165 383 .809 513 .614 
133 2.080 263 1.145 388 .800 518 .609 
138 2.016 268 1.125 393 .790 523 .603 
143 1.957 273 1.107 398 .781 528 .598 
148 1.901 278 1.089 403 .772 533 .592 
153 1.848 283 1.071 408 .763 538 .587 
158 1.798 288 1.054 413 .754 543 .582 
163 1.750 293 1.038 418 .746 548 .577 
168 1.705 298 1.022 423 .737 553 .572 
173 1.660 303 1.006 428 .729 558 .567 
178 1.622 305 1.000 433 .721 563 .562 
183 1.583 308 .991 438 .714 568 .557 
188 1.546 313 .976 443 .706 573 .553 
193 1.511 318 .962 448 .699 578 .548 
198 1.477 323 .949 453 .691 
203 1.445 328 .935 458 .684 
208 1.414 333 .922 463 .677 
213 1.384 338 .909 468 .670 
218 1.356 343 .897 473 .664 
223 1.329 348 .885 478 .657 
228 1.303 353 .874 483 .651 
The 305-day corrected yields in liters are plotted against age in 
months in figure 5. The shape of the curve follows somewhat closely that 
found by Edwards (5) for all the data on lactations of dairy cattle in 
Jamaica. A glance at figure 5 shows that the shape of the curve for milk 
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FIG. 5. Age at freshening and yields standardized to a length of 305 days 
yield as dependent on age is not very different from that of the temperate· 
regions. 
THE EFFECT OF LENGTH OF SERVICE PERIOD ON YIELD 
TABLE 10. Analysis of variance 
(Yield expressed in units of 50 liters) 
Degrees of freedom Sum of squares I Mean square 
Total .. .... .. ... .... ...... .... 1,059 80,368 I 76 
Between groups of 
I service period ... ... ........ 34 17,142 504 
Within groups of 
I service period .. ........ ... . 1,025 63,226 62 
Length of service period was found to exert a significant influence on 
yield. Variance in yield was reduced 18.4 per cent when service period 
was held constant (table 10). This agrees with Edwards' data (5), where 
the service period and age appeared to be the most important environ-
mental factors (except feeding) affecting yield. Kartha (13), working. 
with cattle in India, found a positive correlation between yield per lacta-
tion and length of service period, but lactation yield also was correlated 
with lactation period. 
In this study partial correlations were used as one way to separate-
the influence of lactation period from that of service period on milk 
production per lactation. The formula is: 
r12 - (r1a r2a) 
r i2.a = ----------, where 
y (1 - r~8 ) (1 - r~8 ) 
1 = yield; 2 = lactation period; 3 = service period. 
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The partial correlation between yield and lactation period, service 
period being constant, was +.66, which is only a little less than the 
primary correlation, +.69. 
On the other hand, holding the lactation period constant brought out 
a negative correlation between yield and service period, -.23, which is 
distinctly different from the primary correlation, +.35. Among cows 
having the same length of lactation period, those with the longest service 
periods had the lowest yields. The multiple regression equation for pre-
dicting yield from both lactation period (LP) and service period (SP) is: 
Y = 4.33 LP-.71 SP - 27. 
When both are thus taken into account simultaneously an additional day 
in the lactation period means an average increase of 4.33 liters in the milk 
yield while an additional day in the service period means an average de-
crease of .71 liters in the milk yield. Length of service period has little 
practical influence on yield except through its connection with length of 
1actation period which does have an important effect. (Curvilinearity, if 
it exists, might make these average relations noticeably untrue at certain 
special lengths of service period.) 
THE EFFECT OF AGE ON LENGTH OF LACTATION PERIOD 
TABLE 11. Analysis of variance in length of lactation period 
(Lactation period expressed in units of 15 days) 
Degrees of freedom Sum of squares Mean square 
'Total ................ ... .. .... 1,084 36,501 34 
Between ages .... .. ........... 25 3,495 140 
Within ages ....... ... ........ 1,059 33,006 31 
Although the farmer's control may be the most important cause of 
1actation period length, its non-uniformity for the several ages suggested 
that age might have some influence on it. Table 11 shows that the mean 
square within ages (31) is 8.8 per cent less than the general mean 
square (34) for lactation period length in the whole population. The cor-
.relation coefficient between age and lactation period was -.22, which 
·shows a decrease (although not a very large one) in the length of L.P. as 
age increases. All the cows included in the first two ages (from 30-41 
·months) were first calvers. Also in the 44.5 months group (from 42-47), 
43 of 59 individuals were first calvers. 
A highly significant difference of 36 days existed between the average 
lactation periods of the first two age-groups (32.5 and 38.5) in table 12. 
Whether this was due to something in the management is not known. The 
work of Eckles ( 4) shows that lactating heifers grow less than pregnant 
heifers of the same age and breed. This effect was decidedly accentuated 
when early calving was combined with light feeding. In the present case, 
possibly milk production, poor feeding conditions, and perhaps effort to 
grow, did not permit the young heifer to come in heat again quickly, so 
that the length of lactation period was indirectly increased through that of 
service period. The heifers calving at 32.5 months had an average service 
period of 214.5 days, whereas those calving at 38.5 months had only 171.8 
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TABLE 12. Length of lactation and daily yield as dependent on age 
Daily Daily 
Lacta- milk Lacta- milk 
Age in Fre- ti on yield Age in Fre- ti on yield 
months quency period in liters months quency period in liters 
32.5 67 393.0 3.1 110.5 50 295.5 4.3 
38.5 95 357.0 3.1 116.5 36 297.0 4.2 
44.5 59 325.5 3.3 122.5 46 309.0 4.0 
50.5 74 318.0 3.5 128.5 28 291.0 4.4 
56.5 72 328.5 3.9 134.5 34 286.5 4.1 
62.5 70 328.5 3.9 140.5 22 295.5 4.2 
68.5 59 328.5 3.9 146.5 16 315.0 4.5 
74.5 70 318.0 4.0 152.5 11 277.5 2.3 
80.5 57 316.5 4.1 158.5 10 361.5 3.9 
86.5 42 282.0 4.4 164.5 4 277.5 3.9 
92.5 54 300.0 4.2 170.5 7 288.0 2.3 
98.5 52 309.0 4.1 176.5 1 318.0 3.1 
104.5 48 316.5 4.2 182.5 1 318.0 2.4 
days, or 42. 7 days less. The difference between mean service periods was 
not significant (t = 1.70 with 145 degrees of freedom), but the difference 
did exist. 
THE INFLUENCE OF MONTH OF CALVING ON THE LENGTH OF SUBSEQUENT 
SERVICE PERIOD 
Rhoad (21) mentioned two facts which he believed were responsible 
for the length of the service period: the number of unbred cows and the 
state of nutrition of the herd. 
In the present study 1,060 service periods were sorted according to 
the month in which the preceding calving occurred. The analysis of vari-
ance (table 13) showed no significant influence of the month of calving on 
the length of the subsequent service period. 
TABLE 13. Analysis of variance in service period as related to month of preceding 
calving 
(Service period expressed in units of 25 days) 
Degrees of freedom Sum of squares Mean square 
Total ......................... 1,059 34,757 32.8 
Between months .... .... ... ... 11 548 49.8 
Within months ............... 1,048 34,209 32.6 
However, when the average service period was calculated for every 
month, all plus deviations from the general mean were grouped in seven 
adjacent months, while all minus deviations were in the other five consecu-
tive months (figure 6). When these were tested against each other, the 
difference was significant, thus indicating some effect of season of calving, 
although not an important effect practically. 
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Fie. 6. Length of service period as dependent on the month when the preceding 
calving occurred 
THE INFLUENCE OF HEREDITY 
The value of breeding purebred bulls to scrub cows has been pointed 
out by several writers and the subject is emphasized in the books on 
Animal Breeding and Genetics (Winters, 1930) (Rice, 1934) (Babcock and 
Clausen, 1927). In many instances the increase in the second generation 
over the scrub is more than 100 per cent. 
The value of breeding with purebred bulls in the tropics has been 
reported by many workers, such as Hammond (9), Metivier (16), Ed-
wards (5), Rhoad and others. But, at least as far as the penkeeping 
system is concerned, no effort has been made yet to find out how much of 
the variation in milk yield is due to inheritance. 
In the United States, Gowen (7) found that 50-70 per cent of the 
variation in milk yield is due to inheritance but that rested in part on 
assuming that none of the observed daughter-dam correlation came from 
environment common to each such pair. Plum (18) found that in fat 
production in a Jersey herd "sire" was responsible for 11.6 per cent of 
the variance, "year" for 9.8 per cent, "sire" and "year" jointly for 9.2, 
and things other than sire and environment for 69.4 per cent. Harris, 
Lush, and Schultz (11) report for lactation records an average intra-herd 
correlation between records of the same cow of .325, showing the tendency 
of an individual cow to repeat her yield, lactation after lactation. 
Plum (19) studying differences in fat production in Iowa Cow Testing 
Associations found the intra-herd correlation between one record of a 
cow and another record of the same cow to be .40. 
In the present data 148 cows, for which it was possible to obtain first 
and second records of milk yield, were studied to learn to what extent the 
first two records of the same cow are repeatable, under the penkeeping 
management. The milk yields were corrected only for lactation period, 
as it was the only factor of practical importance. 
A correlation of +.44 was found. This result means that permanent 
factors, including inheritance and permanent environmental effects, are 
responsible for 44 per cent of the variance in milk yield, corrected to a 
standard length of lactation period. The hereditary part properly thus is 
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responsible for something less than 44 per cent of the variance in milk 
production in this herd. This result is similar to those found in the 
United States. 
THE AMOUNT OF IMPORTED BLOOD 
As was said in a preceding section of this study, some information 
could be obtained on the amount of imported blood in various animals in 
this herd. Although these figures were not entirely accurate, the writer 
personally believes they are not far from the truth. The amount of im-
ported blood was not high, despite the relatively long time spent already 
in building up this herd. Information obtained from the farm indicates 
that some difficulties have been met in raising the cattle with a high per-
centage of imported blood. This might be one reason there were more 
animals with a little foreign blood than with a large amount. The latter 
may have tended to be eliminated naturally on account of their lack of a 
proper constitution to thrive under the existing conditions. 
As in the present case the number of lactation records varied between 
the groups with different percentages of exogenous blood and even among 
the cows of the same blood, it was decided to find each cow's most probable 
ability on the basis of the average of all records. The formula given by 
Lush (14) was used: 
Most probable producing ability of the cow= 
~ 1-r 
----- x (her average record)+ x (the herd average), 
1 - r + nr 1 - r + nr 
where n is the number of cow 's records and r is the coefficient of correla-
tion between records of the same cow (r = .4 in the present case). The 
results are shown in table 14. 
TABLE 14. Productivity and longevity of cows grouped according to the amount of 
their inheritance coming from recently imported dairy breeds 
Deviations 
from the 
herd average Deviations 
Amount 305 days from the 
of corrected herd average 
imported Cow's milk yield: Lifetime lifetime: 
blood Frequency ability 1,165 liters in months 113 months 
V4 49 1,171 + 6 114 + 1 
3/ 8 10 1,097 -68 101 -12 
V2 77 1,175 + 10 126 +13 
5/ 8 11 1,120 - 45 88 I -25 
3/ 4 9 1,086 -79 106 I - 7 
Purebred 8 1,109 -56 105 - 8 
Total 164 I 
No definite or steady decrease in production follows the increase 
in the percentage of imported blood, although there may be some 
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tendency of that kind. Also the length of the cows' lifetime roughly 
parallels the average yield of milk. This leads one to think of some real 
influence, which affects alike the ability to withstand the environment and 
to produce. The analysis of variance shows a significant influence of 
amount of imported blood on the lifetime of the cows (table 15). The 
variance within groups having the same amount of imported blood is 10.7 
per cent less than the general variance. But the correlation between 
amount of imported blood and length of lifetime is only -.06, which is 
not significant, though it indicates that the lifetime becomes a little 
shorter as the amount of exogenous blood increases. The closer relation 
shown by the analysis of variance than by the correlation coefficient 
TABLE 15. Analysis of variance in length of lifetime (in months), grOtUped according 
to fraction of exogenOtUS blood 
Degrees of freedom I Sum of squares Mean square 
Total ... ..... ... ... .... ...... . 164 I 5,018 31 
Between groups ......... ... .. 5 I 588 181 
Within groups ...... ..... ..... 159 I 4,430 I 28 
suggests that the relation is curvilinear. Whether the higher yield and 
longevity found for one quarter and one half bred animals were a conse-
quence of heterosis could not be determined for their pedigrees were not 
explicit enough to separate those which might be expected to show hetero-
sis from those which would not. Heterosis may be one of the causes, but 
probably not the single one, as Hammond (10) pointed out, referring to 
the cross between Zebu and European cattle: "This is not merely a matter 
of hybrid vigor, for different European breeds crossed together in the 
tropics give no better results than those breeds when pure." 
SUMMARY AND CONCLUSIONS 
1. The mean age of the heifers at freshening was 38. 7 ± .3 months. 
No relation was found between the month of the year in which the heifers 
were born and their age at first calving. The distribution of calvings 
throughout the year was about the same for heifers as for the rest of the 
cows. 
2. The mean age at which the cows ended their last lactations before 
they left the herd was 112.5 + 2 months. The relation between age at 
first calving and the productive life of the cows was negative, but 
insignificantly so. 
3. The month of calving showed no significant influence on milk 
yield. The plus and minus deviations from the general mean were irregu-
lar, not indicating clearly any effect of season of freshening on milk 
production. 
4. The influence of age of the cows on the actual milk yields was 
statistically significant but not important practically. The variance was 
only 3 per cent less within groups of cows of the same age than it was 
among all cows. 
5. The length of lactation period had the most pronounced effect on 
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total milk yield. The variance in yields was reduced 47.4 per cent when 
lactation period was held constant. The correlation between yield and 
lactation length was +.69, showing a practically linear relation. 
6. The effect of service period on milk yield was statistically signifi-
cant and the variance in yield was reduced 18.4 per cent when service 
period was held constant. The correlation between them was +.35. How-
ever, when the influenc.e of service period was separated from that of 
lactation period, the partial correlation between service period and yield, 
length of lactation being constant, was -.23, showing little practical influ-
ence of service period on milk production. 
7. The age of the cow had a significant effect on the length of lacta-
tion period, the correlation being -.22 showing a decrease in the length 
of L.P. as age increased. A significant difference of 36 days existed 
between the average lactation periods of the two groups calving at ages 
of 32.5 and 38.5 months. 
8. When the average service period was calculated for the groups 
which calved in different months, all plus deviations from the general 
mean were in seven adjacent months (March to November), while all 
minus deviations were in the other five consecutive months. The difference 
of these two groups was significant, but the effect was not important 
practically. 
9. In this study 44 per cent of the variance in milk yields, standar-
dized to a lactation length of 305 days, were due to permanent differences 
between individual cows, including inheritance and permanent environ-
mental effects. 
10. No regular decrease in production paralleled the increase in the 
percentage of imported blood but there was some indication of such a 
tendency, probably curvilinear, either because of heterosis or because 
the maximum yield comes from an intermediate percentage of imported 
blood. The influence of amount of imported blood on the cows' lifetime 
was significant, when analyzed by variance wtihin and between classes, 
but an insignificant correlation (-.06) shows that the relation is 
curvilinear. 
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A GAS-TYPE X-RAY TUBE 
L.E.PINNEY 
From the Physics Department, Iowa State College 
Received May 8, 1939 
The x-ray tube described in this paper is the result of search for a 
source of copper Ka radiation capable of yielding high intensity (not less 
than 300 roentgens per minute at 30 cm. from the target) for periods of 
many hours at a time. Experience with hot cathode tubes invariably 
indicated gradual loss of intensity of the copper radiation due to deposition 
of filament material upon the anode. This objectionable feature led to 
experiments with gas-type tubes. 
The gas tube finally adopted employs essential features described by 
·Wyckoff and Lagsdin1• The design, however, has been reworked for the 
purpose of better adaptation to the particular problem in hand. Simplifica-
tion of machine work and utilization of standard parts have also received 
attention. 
The drawing (figure 1) shows the tube in longitudinal section. With 
a few exceptions, where other materials are specifically mentioned, metal 
parts are machined from rolled brass. Cast brass might be used for the 
clamping rings but danger of leaks precludes its use for other parts. 
R 
Frc. 1. Longitudinal section of x-ray tube. 
The aluminum cathode tip C screws into the copper cathode rod R 
which in turn is soldered into the cathode screw S. This screw, which has 
a fine thread ( 40 per inch) , fits closely in the cathode radiator. The 
radiator is turned from a solid piece of brass, using a parting tool for 
cutting the spaces between the cooling fins. A mixture of grease and 
powdered graphite is used on the cathode screw. The graphite prevents 
the grease from flowing and affords one of the best safeguards against 
possible sticking of the closely fitted screw. It tends also to improve 
1 R. W. G. Wyckoff and J . B. Lagsdin, R. S. I. 7, 35 (1936) . 
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thermal contact between the screw and the radiator. Cooling of the 
radiator may be improved by directing a blast of air on the cooling fins. 
The glass insulator between the radiator and the body of the tube is 
a six-inch length (a length which serves to establish the scale of the 
drawing) of two-inch diameter Pyrex pipe. Before assembling, both ends 
of the glass pipe are ground fiat to remove the small grooves moulded into 
them. Care is also taken to see that the ground ends are perpendicular to 
the axis of the tube so that the cathode will be properly centered. This 
condition can best be checked by observing the cathode through the anode 
end of the tube before the anode assembly is put in place. 
Brass clamping rings drilled to accomodate eight 10-32 machine 
screws hold the metal-to-glass joints together. With respect to inside 
diameter and taper, dimensions of these rings are taken from the iron 
joint flanges supplied by the Corning Glass Works. The regulation inserts 
may thus be used as a filling and cushioning material between the rings 
and the glass. 
Air tight seals at the ends of the glass tube are obtained by using 0.040-
inch (five ampere) fuse wire gaskets. These ring-shaped gaskets are made 
by fusing together the ends of the wire in a very small gas flame. If both 
glass and metal surfaces have a smooth finish, rather moderate pressure 
on the gaskets will prevent leakage. 
About one-half the length of the body of the x-ray tube, beginning at 
the anode end, is turned down to fit inside the piece of one-sixteenth-inch 
wall tube which closes the periphery of 
the annular water jackets A and B. 
This tube is sweat soldered in place 
before any machine work is done at the 
window openings. The two annular 
water jackets are connected by four 
holes passing through points forty-five 
degrees from the window openings. 
Circulation is in accordance with the 
schematic diagram shown in figure 2. 
Radial passages in this diagram repre-
sent holes parallel to the axis in the 
actual tube in which the annual pass-
ages A and B are of the same diameter. 
Barriers at points ninety degrees from 
both inlet and outlet assure circulation 
of water through jacket B. The inlet 
and outlet tubulations extend through 
oversize holes drilled through the outer 
edge of the anode assembly. 
A tubular shield which screws into 
the cathode end of the tube body inter-
cepts much of the sputtered meal which 
Fig. 2. Schematic diagram of water 
circulation. In the actual tube the 
annual w ater jackets A and B are 
of the same diameter and all con-
necting passages are parallel to the 
axis of the tube. The four connect-
ing passages between A and B are 
drilled through the brass between the 
window openings. 
would otherwise be deposited upon the inside surface of the glass. 
The anode assembly consists of two circular plates plus the anode 
proper which is soldered into the central opening of the inner plate. Part 
of the edge of this plate is turned away to form the groove G. This groove 
exposes the junction between the anode assembly and the tube body in 
such manner as to permit external sealing without danger of air leakage 
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around the clamping screws. Water leakage from the anode jacket is 
prevented by a cemented paper gasket between the plates. 
Water from the tap is passed directly into the central tube of the-
anode assembly so that maximum cooling effect is obtained just behind the 
focal spot. Then, by means of a short U-shaped rubbed connection (wit..li 
metal or glass insert to prevent kinking) the same water is passed through 
the cooling passages of the body of the tube. 
Four window · openings are provided but when an oblique target is 
used three of these openings are covered by one-eighth-inch brass plates. 
Surfaces milled fl.at around the openings facilitate mounting these plates 
and other window fittings. All these fittings are made interchangeable and 
are fastened with four filluster head screws well countersunk to permit 
sealing over the heads. In the particular set-up shown in the drawing the 
pumping connection P is screwed and soldered into one of the plates 
covering an unused window opening. 
For copper Ka radiation a nickel window, which also serves as a filter, 
is used. A thickness of 0.025 mm., which transmits approximately 35 per 
cent of the desired radiation, provides sufficient filtering for most pur-
poses. The window is permanently fastened to its mounting ring by 
sweating it in place with solder, taking care to see that no solder flows 
onto the part which is to transmit the radiation. 
After the tube is completely assembled the points around the window 
openings and at the junction of the anode assembly and body are sealed 
with beeswax. Application of this sealing material is best accomplished 
by placing the tube well above a flame until it is heated to a temperature 
somewhat above the melting point of the wax. The beeswax, which has· 
been melted, is then applied with a small water color brush. Any surplus 
may be wiped off with a cloth, taking care not to remove the slight fillet 
at the junctions to be sealed. This fillet should be apparent at all junctions 
after the wax has hardened. Cooling may be accomplished quickly by 
passing water through the water jackets. 
The tube is pumped continuously by a good fore pump while correct 
pressure for operation (about 0.02 mm. of Hg) is maintained by adjusting-
the fl.ow of air into inlet I. The line to the pump should be made of metal 
or glass tubing and if it is necessary that it be several feet long the 
diameter should be increased accordingly. The ends may be drawn down 
to fit the usual rubber connections, but these connections should be made 
as short as possible. 
In view of the fact that the tube does not immediately attain a steady 
state when the voltage is applied, a shutter is provided for starting and· 
stopping the exposures. It consists of a shallow cup K mounted on an arm 
which pivots about the screw F in the mounting bracket. The shutter is 
pulled open by a string and is closed by a spring. Adjustable stops are 
provided for both open and closed positions. The shape of the shutter 
cup and window ring is such that radiation must be scattered at least 
twice before it can escape through the clearance space between the cup 
and ring. In practice this clearance is made as small as possible by bring-
ing the parts into contact. Tests made by prolonged exposure of dental 
films at various points within a few centimeters of the shutter fail to show 
any indication of leakage. With the clearance increased to 0.2 mm. leakage 
is appreciable but is confined very closely to the plane of the clearance 
space. 
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Both tube and shutter are mounted on a one-eighth-inch steel panel 
MM. The tube flange is fastened to the panel by three screws not shown 
in the drawing. A radial slot, also not shown, permits removal and re-
placement of the tube without interfering with the tubulations P and I. 
The writer desires to express his appreciation of the fact that construc-
tion of the tube was made possible by Prof. John W. Gowen of the 
Genetics Department of Iowa State College. 
PLATE I 
X-Ray Tube 
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OCCURRENCE OF ACROLEIN AS AN INTERMEDIATE DURING 
THE FERMENTATION OF GLYCEROL BY THE COLI-AEROGENES 
BACTERIA 
HOWARD REYNOLDS, w. M. HOEHN, AND c. H. WERKMAN 
From Bacteriology Section, Industrial Science Research Institute, Iowa State College 
Received May 13, 1939 
The use of fixing agents designed to remove intermediate products 
of dissimilation from further attack (Abfangverfahren of Neuberg) has 
aided materially in the development of our present concepts of bacterial 
metabolism. In the present investigation, the fixation technique has been 
employed with the coli-aerogenes bacteria for further elucidating the 
intermediary dissimilation of glycerol. Acrolein has been isolated and 
identified as a probable intermediate in the dissimilation of glycerol by 
Citrobacter freundii. 
EXPERIMENTAL 
The organisms were grown in a medium of 20 gm. glycerol, 2 gm. 
ammonium sulfate, 100 ml. 0.5 M phosphate buffer (pH 7.7) and water to 
make 1 liter. Dimethyldihydroresorcinol (dimedon) was added as the 
fixing agent to a concentration of 0.33 per cent. It was neutralized to 
phenolphthalein with sodium hydroxide, sterilized separately in 200 ml. 
water and added aseptically to the medium at the time of inoculation. In-
cubation took place at 30° C. for 8 days. The cultures of Escherichia were 
obtained from the American Type Culture collection; cultures of Aero-
bacter were those described by Burkey (1928). Citrobacter freundii 
(no. 147) was a strain isolated in this laboratory. 
Citrobacter freundii grew well in the medium, developing a crystal-
line deposit on the sides of the flask after 3 days. In the same medium one 
culture each of E. coli (ATC26) and Aerobacter indologenes developed 
sparse growth and failed to produce the crystalline deposit. Incubation 
was discontinued after 8 days. The crystalline material was removed by 
filtration, washed and crystallized three times from ethyl alcohol, dried 
over H 2S04 and weighed, giving a yield of 2.06 gm. It was found to melt 
at 215° to 216° C. (corr.). A test for phosphorus was negative. The 
dimedon compound was soluble in dilute potassium hydroxide, but in-
soluble in 33 per cent potassium hydroxide. Acidification of the alkaline 
solution precipitated the compound. Although soluble in cold sulfuric 
acid, it was precipitated by dilution with cold water. The compound was 
insoluble in ethyl acetate, isoamyl alcohol, acetone, benzene, and 2 N 
hydrochloric acid. 
A study of the literature revealed no dimedon derivative of any 
compound with such a melting point which could be considered as a likely 
product of this fermentation. Analysis of the derivative gave C, 71.52; 
71.53 and H, 7.99; 8.09. A Rast molecular weight determination gave 323. 
The calculated values of carbon and hydrogen for an empirical formula 
C 1<)H~604 having a molecular weight of 318.2 are C, 71.65 per cent and H, 
8.23 per cent. A list of possible compounds having a molecular weight and 
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empirical formula in relative agreement with observed values included 
the dimedon derivative of propionaldehyde and acrolein. The melting 
points as given in the literature for the dimedon derivatives of propional-
dehyde were found to be in very good agreement. Klein and Linser (1929) 
and also Kao and Yen (1932) published data which gave 155° C. as the 
melting point of the propionaldehyde. Klein and Linser, however, gave a 
melting point of 135° C. for the acrolein derivative while Vorlander 
(1929) listed the melting point as 192° C. after softening at 186° C. 
It was necessary to prepare a pure sample of the dimedon derivative 
of acrolein because of these very obvious discrepancies in the literature. 
Ten grams of acrolein (Eastman) were dissolved in 290 cc. of water and 
30 cc. of this solution added to 50 cc. of water containing 500 mg. dimedon. 
After standing 3 days at room temperature, the material which separated 
was filtered and dissolved in alcohol. The material which crystallized was 
filtered and washed with dry ether. After it was air-dried, the melting 
point was found to be 215° to 216° C. When the derivative isolated from 
the fermentation medium was mixed with the prepared derivative, there 
was no depression in the melting point (215 ° to 216 ° C. [corr.]) . 
In subsequent tests, duplicate tubes of the glycerol-dimedon medium 
were inoculated with one loop each of 24-hour broth cultures of 
Escherichia coli (nos. 26, 4163 and 4265), Citrobacter freundii (nos. 147, 
176, M8BK) and Aerobacter indologenes (no. 23), A. decolorans (no. 24), 
and A. salicinovorum. 
After incubation for 7 days, all tubes of Citrobacter showed crystal-
line deposits, whereas those of E. coli were negative. Tubes inoculated 
with A. indologenes and A . salicinovorum were negative; whereas those 
with A. decolorans showed a crystalline deposit. The latter may have 
been an acetaldehyde derivative. 
FERMENTATION OF GLYCEROL BY CITROBACTER FREUNDII IN THE PRESENCE OF 
CALCIUM SULPHITE 
Citrobacter freundii was incubated for 8 days at 30° C., in a medium 
of 2 per cent glycerol, 0.2 per cent (NH4 ) 2804 , 0.1 per cent K 2HP04, 1.0 
per cent CaC03, and 1.0 per cent CaS03• At the end of this period, a 
200 ml. portion of the liquor was filtered and treated with an equal 
volume of a saturated solution of 2,4-dinitrophenylhydrazine hydro-
chloride in 2 N HCI. A copious yellow precipitate which separated im-
mediately, was removed by filtration after standing in the refrigerator 
for 12 hours. 
Treatment of the precipitate with 10 per cent sodium carbonate 
solution gave a dark brown solution and an insoluble orange residue. 
Acidification of the sodium carbonate solution yielded a yellow precipitate 
which was purified by redissolving and precipitating in 10 per cent sodium 
carbonate with final crystallization from alcohol. The dried compound 
melted at 212° to 213° C. (uncor.) and there was no depression of the 
melting point when mixed with an authentic preparation of the 2,4-dinitro-
phenylhydrazone of pyruvic acid. 
The sodium carbonate insoluble residue was dissolved in alcohol, 
crystallized and dried. The melting point of the dried preparation was 
165° to 166° C. and showed no depression when mixed with an authentic 
preparation of the 2,4-dinitrophenylhydrazone of acetaldehyde. 
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Another portion of the fermented liquor was distilled after the 
addition of sodium carbonate to retain pyruvic acid. The distillate yielded 
a white crystalline precipitate with dimethyldihydroresorcinol which 
melted at 136° C. (uncor.) and retained the same melting point after 
mixing with a known dimedon derivative of acetaldehyde. 
Fermentation in the presence of sulfite led to the isolation and identifi-
cation of pyruvic acid and acetaldehyde as fixation products in the dis-
similation of glycerol. No other aldehydic or ketonic compound pre-
cipitable by 2,4-dinitrophenylhydrazine could have been present in 
significant quantities. Thus the presence of calcium sulfite led to the 
fixation of pyruvic acid and acetaldehyde while acrylic aldehyde was 
fixed in the presence of dimedon. 
SUMMARY 
In a medium containing only inorganic salts, glycerol and dimedon, a 
eulture of Citrobacter freu,ndii yielded a relatively large quantity of a 
water insoluble crystalline material. The compound has been identified 
as the acrylic aldehyde derivative of dimedon (2,2-[Acrylidene] bis 
[5,5-dimethyl-1,3-cylcohexanedione]). 
When tubes of the same medium were inoculated with representative 
strains, three cultures of Escherichia gave no deposit, four of Citrobacter 
gave the characteristic crystalline precipitate. One of three Aerobacter 
cultures gave a precipitate. In a similar medium with calcium sulfite as 
the fixing agent, fermentation by the Citrobacter freundii culture resulted 
in the accumulation of pyruvic acid and acetaldehyde. 
The identification of acrolein as a possible intermediary in the dis-
similation of glycerol should be of value in determining the mechanism 
of its breakdown. 
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THE EFFECT OF THE CONCENTRATION OF MANNITOL UPON 
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In a previous communication from these laboratories, Fulmer, Dun--
ning, Guymon, and Underkofler (1936) presented data on the effect of the 
concentration of sorbitol upon the production of sorbose by the action of 
Acetobacter suboxydans. The rate of formation of sorbose was decreased 
by increasing concentrations of the substrate. However, the final yield of 
sorbose was practically independent of the concentration of the sorbitol 
up to and including 35.0 per cent; there was a marked drop in yield at 
40.0 per cent. At the former value, 35 per cent, the concentration of 
sorbose reached the high value of 28 grams per 100 ml. of medium. The 
use of high concentrations of the sorbitol affords an easy method for the 
laboratory production of sorbose with the handling of minimum volumes 
of liquids. Wells, Stubbs, Lockwood, and Roe (1937) have adapted the 
process to the use of submerged growth of Acetobacter suboxydans in a 
rotating drum developed for the production of gluconic acid by molds. 
Studies have also been made in these laboratories on the effect of 
concentrations of other polyhydric alcohols upon the yields of the cor-
responding ketose sugars through the action of Acetobacter suboxydans. 
Underkofler and Fulmer (1937) found that maximum yields of dihydroxy-
acetone were not obtained in concentrations of glycerol above 6.0 per cent. 
According to Whistler and Underkofler (1938) the concentration of meso-
erythritol should not exceed 4.5 per cent for maximum production of 
l-erythrulose. Dunning, Fulmer, Guymon, and Underkofler (1938) in-
vestigated the action ot Acetobacter suboxydans upon i-inositol. The 
organism could not be subcultured beyond the fifth transfer upon an 
inositol-yeast extract medium. However, the addition of very small 
amounts of sorbitol permitted indefinite subculture and vigorous oxidation 
to a diketo-inositol. Data, to be published later, show that low concentra-
tions of erythritol, glycerol, mannitol, and dextrose can replace sorbitol 
in the above medium. 
The results mentioned above show a variation in the relation of 
concentration of substrate and yield of the corresponding ketose sugar. 
The maximum concentrations permissible without interfering with the 
final yield are 35 per cent for sorbitol, 6 per cent for glycerol, and 4.5 per 
cent for meso- erythritol; in the case of i-inositol an additional substrate, 
in low concentration, is necessary for continuous subculturing and 
oxidation of the substrate. 
While mannitol, a steroisomer of sorbitol, has been reported by earlier 
workers to be oxidized by Acetobacter suboxydans, no systematic studies 
1 This work was supported in part by a grant from the Science Division research 
fund of the Iowa State College for studies on the fermentative utilization of agricultural 
products. The kindness of the Atlas Powder Co. in furnishing the mannitol is much 
appreciated. 
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_have been reported on the concentration-yield relationships. The present 
communication deals with the development of conditions giving high 
yields of levulose. The culture employed is the same as that used in 
previous studies in these laboratories. The stock cultures were carried 
on yeast extract-glycerol-agar slants. The cultures used for inoculation 
were kept active by transfer, each 48 hours, into a medium containing 
0.5 g. of yeast extract (Difeo powdered) and 5 g. of mannitol per 100 ml. 
of medium in 300-ml. Erlenmeyer flasks. Since disturbing an active sur-
face growth of the culture materially reduces the yield of the fermentation 
·product, each datum presented in the following tables represents the 
analysis of the contents of a separate fl.ask. The levulose determinations 
were made by the Shaffer-Hartmann (1920) method; the dextrose factor 
was multiplied by 1.1 to obtain the levulose value. Crystalline levulose 
was prepared from the fermented medium by a procedure similar to that 
employed by McGlumphy, Eichinger, Hixon, and Buchanan (1931) for 
the separation of the sugar from the juice of the Jerusalem artichoke. 
In table 1 are presented data showing the effect of varying surface-
volume ratios (sq. cm. area per 1 ml. volume) upon the production of 
levulose. While the rate of reaction is slower with decreasing ratio, the 
'TABLE 1. The effect of surface-volume ratio (sq. cm. area per 1 ml. medium) upon 
the production of levulose 
'Time Surface-volume ratio 
days 2.36 1.195 0.895 0.589 0.345 0.200 
3 96.0 82.0 54.0 39.0 24.0 14.3 
5 95.0 94.0 92.0 83.0 41.3 43.3 
7 95.0 94.0 94.0 92.0 82.0 62.0 
9 ..... ... .. ... .. ..... 92.0 81.0 
14 ..... ..... ..... . .... . .... 93.0 
final yield is little influenced at ratios varying from 2.36 to 0.200. Table 2 
shows the relation of yield of levulose to the concentration of mannitol. 
·Concentrations of the substrate up to and including 25 per cent slow down 
the rate of reaction, but the final yield is unchanged; at a concentration 
of 30 per cent both the rate and final yield are decreased. 
'Time 
days 
3 
5 
7 
9 
14 
TABLE 2. Effect of concentration CY/ mannitol upon production of levulose 
(surface-volume ratio = 1.195) 
Concentration of mannitol 
10 15 20 25 
82.8 72.0 42.0 13.6 
93.5 95.0 92.0 66.0 
94.0 95.0 93.0 93.0 
.... .... 93.0 94.0 
.... .... .... . ... 
30 
1.0 
15.0 
49.0 
69.0 
80.0 
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SUMMARY 
Data have been presented on the effect of surface-volume ratio and 
concentration of mannitol upon the production of levulose by the action of 
Acetobacter suboxydans. Decreasing surface-volume ratio decreases the 
rate of reaction but has little effect upon the final yield through the range 
studied. Up to and including 25 per cent of mannitol the rate of reaction 
is decreased while the final yield of levulose is little affected; higher con-
centrations decrease both the rate and the final yield. 
That is, the concentration-yield relationships for the transformation 
of mannitol to levulose are similar to those for the oxidation of sorbitol to 
sorbose and are dissimilar to those involving the oxidation of glycerol, 
meso-erythritol, and i-inositol. 
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Radiography, as applied to the study of small objects (for example, 
insects), requires the use of soft x-rays in conjunction with fine grained 
photographic plates from which suitable enlargements may be made. 
Goby (2), Friehe (1), Sherwood (4), and others have developed the 
soft x-ray technique for studying small biological specimens, but this 
application has not become general. The slow development of this field 
can doubtless be attributed to the lack of information concerning the 
apparatus required, and also to the high cost of such equipment. The pur-
pose of this paper is to present the important features and methods of 
constructing such equipment. 
Sherwood (4), following the original work of Goby (2), has success-
fully applied the soft x-ray technique to stereoscopic and motion picture 
work. As in ordinary radiography, the object to be rayed must be close to 
the photographic plate so that a shadow image may be formed by radiation 
from the x-ray tube. The plate must be protected in a holder, opaque 
to ordinary light, but transparent to x-rays. Sherwood recommends, be-
cause of its lack of texture, an infra-red gelatin filter (Wratten No. 87) as 
a protecting window in the holder. Thin black paper can be used, although 
its structure may appear in the radiograph. With the average specimen, 
however, this is of little consequence, and since paper is not so easily 
damaged by moisture, scratches, or fingerprints, it is often preferable. 
Sherwood found that a variety of photographic materials were suit-
able, but recommends slow lantern slide plates as the most satisfactory. 
Enlargements of from five to ten diameters retaining the details of the 
image are attainable with such plates. 
The x-ray wave lengths used in this work included the range between 
3.8 and 0.82 Angstroms. This represents tube voltages of 4 to 15 Kv. peak. 
The lower voltages must be used for very thin specimens in order to 
preserve contrast. 
I :J. 
1 
;r 
----~--R-1 
FIG. 1 
As in other types of photography, the sharpness of the negative image 
determines the magnification possible in the final print. With x-rays, the 
sharpness depends on the diameter of the focal spot, the dimensions of 
which are of primary importance in the tube design. 
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Figure 1 reprsents x-rays originating from a source of width S, passing 
through a structure element of width 0, and forming an image of width I. 
Let the distance between the source or focal spot and the object be L and 
that between the object and the image be R. Then clearly, 
I= O(R+L) 
L 
and di= RS 
L 
As a consequence of these two equations we have the following 
stipulations: 
1. For I to reproduce faithfully, 0, R must be small. 
2. For di to be small, R and S must be small or L large. 
3. di is independent of I. 
Since di is the factor which controls diffusion in the image, we may 
set its limiting magnitude and determine the other constants to give this 
magnitude. If 1.5 minutes of arc is assumed for the limiting angle of 
resolution of the eye, the size of the least resolvable object when viewed 
at a distance of 25 cm. (limit of distinct vision) is approximately 0.1 mm. 
If the radiograph is to be enlarged five times, a value of 0.02 mm. is ob-
tained for di. If Lis 250 mm. and R is 5 mm., S is found to be 1.0 mm. Thus 
a 1.0 mm. focal spot would provide sufficient sharpness. For thin speci-
FIG. 2 
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mens, however, R could be reduced by half, which would allow a 2 mm. 
focal spot. 
Another important design feature is the permissible thickness of the 
pyrex window. Estimations made from transmission tables for aluminum 
(Kirchner (3)), indicate that the window thickness should be less than 
0.05 mm. for satisfactory results in the long wave length region. 
TUBE CONSTRUCTION 
Two types of tubes, illustrated in figure 2 were evolved. In the ninety-
degree type, the x-rays were emitted from an oblique face of the anode, 
along the axis of the tube, while in the ring cathode design, the x-rays were 
projected back through the cylindrical shield. Both tubes utilized similar 
construction features. 
The anode and cathode focusing cylinder were made of 0.15 mm. 
sheet molybdenum. A single loop of 4 mil tungsten wire, 4 mm. in 
diameter, was located coaxially within the cylinder, and mounted about 
1 mm. below the edge of the shield. Filament leads and anode seal were 
of 20 mil tungsten. The inter-electrode distance was 10 mm. 
Thin pyrex windows have been described by Slack (5). The general 
scheme of construction is, first, to seal off the end of a glass tube of the 
proper diameter; then after thinning the glass by drawing and working, 
the end is sucked in to form a hemisphere. As a result of this shape, the 
atmospheric pressure is distributed along the glass wall as a tension, after 
evacuation, and enables the wall to withstand the pressure inspite of its 
thinness. 
The principal steps in the construction are given in figure 3. The 
operations, on the whole, are routine glassblowing procedures. To form 
the thin window, a gentle flame of high oxygen precentage compared to 
air is recommended. 
TUBE EXHAUSTION 
The production of an x-ray vacuum, although now a common process, 
involves careful procedure and scrupulous attention to details. The degree 
of vacuum required by a Coolidge tube amounts to a pressure of the 
order of 10-4 to 10-5 mm. of mercury. With modern pumping systems such 
pressures are easily obtained, put the success of the exhaustion process 
depends primarily on the removal of the occluded gas from the 
metal parts. It was found that with the small metal parts used, the out-
gassing process could be most easily accomplished by means of electron 
bombardment. 
ELECTRICAL EQUIPMENT 
A diagram of the electrical circuit is shown in figure 4. The 500 VA 
transformer T1 has a 15,000 volt secondary, the primary voltage being 
115 volts. One end of the secondary was grounded. The current was 
fed in through an auto transformer T3 with the voltmeter V1 attached to 
read input voltages. T2 was a radio tube filament transformer with a 5-volt 
winding. The 6-ohm variable resistance R in its secondary circuit 
varied the filament current. The proper filament current could be deter-
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Frc. 3. A, Test tube; B, Shoulder seal; C, Thinned end in preparation for window; 
D, Window formed; E, Side tube attached; F, Enlarged section of neck with re-
entrant tube; G, Exhaust tube attached; H, Cathode assembly; I, Cathode 
assembly seal; J, Finished tube. 
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mined best, however, by observing the tube current read on the millia-
meter A inserted in the ground side of the system. 
TUBE MOUNTING AND SPECIMEN HOLDER 
When viewing an object from the distance of most distinct v1s1on 
(25 cm.) the eyes subtend an angle of approximately fifteen degrees. 
Thus, stereoscopically, the eyes receive two views of an object, at 25 cm., 
from positions fifteen degrees apart. If, then, a stereoscopic radiograph is 
to be made, the image forming rays should originate from sources which 
are located at the positions occupied by the eyes when focused on the 
object. 
Only one source of x-rays is necessary, for it may be shifted from 
one position to another, and the two views recorded separately. Pro-
vision must be made, however, for changing the photographic plate 
between the exposures. 
The supporting rack for the tube was designed to accomplish the 
stereoscopic motion, figure 5. The tube itself was clamped to a section of 
insulating board which could be moved vertically in the rack. This feature 
allowed adjustment of the anode-film distance. 
Sherwood ( 4) mentions several types of specimen platforms. A 
simple one was constructed from an old lantern slide carton. It is included 
in Plate I, upper figure. An opening was cut in the top of the cover, and a 
thin sheet of black paper pasted in to form an opaque window. The sensi-
tive plate was then held against the window by the spring action of cotton 
wadding. 
RESULTS 
Windows of 52 microns thickness were successfully fabricated. These 
transmitted sufficient radiation for wave length below 1.3 Angstroms. Pin-
hole pictures of the focal spot indicated that the radiating area was limited 
to a diameter of 2 mm. 
The radiated energy from the tube was meaured with an "Open Air 
Ionization Chamber" (6) at several tube voltages and at an anode-
ionization chamber distance of 9.4 cm. The values obtained are shown in 
the table below. 
Kilovolts peak Intensity in R units 
22.6 ............................................ 51.7 R per minute 
20.3 ............................................ 37.2 
18.1. ........................................... 23.4 
15.7 .. ................. ......................... 12.9 
13.5.......................... .. ................ 6.3 
The tube could be operated continuously at a voltage of 15,000 R.M.S. 
and a current of 2 milliamperes, which represents a heat dissipation of 
30 watts. 
Plate I, lower figure is a stereoscopic view of a cockroach, taken with 
the apparatus, and presents a sample radiograph of a typical soft x-ray 
specimen. 
In conclusion we wish to express our thanks to Mr. L. E. Pinney for 
his many helpful suggestions. 
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PLATE I 
-UPPER: Stereo x-ray apparatus . 
. LOWER: Stereoradiograph of cockroach (Periplaneta americana). 
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In this paper it is the purpose to record certain results of tests made 
with fertilizers of coniferous nursery stock carried on by advanced 
students in forestry at Iowa State College. 
In order to meet the requirements for an increased output of small 
nursery grown trees now demanded in our expanded forest planting 
programs and to secure rapid growth and well developed stock it has 
become necessary to study how to maintain and increase the fertility of 
the soil in the nursery where the trees are produced. In outlining the 
work for the various students it was the design principally to test the 
effects of various organic and inorganic fertilizers containing nitrogen, 
phosphorus and potassium, and to observe the effects of acid or basic 
forming fertilizers on certain soils. 
The inorganic nitrogen fertilizers come in two distinct forms: (6) 
those which have the more readily soluble and leachable nitrate ;form and 
those which have the ammonia compounds. The organic nitrogen may be 
obtained from materials such as dried blood and bonemeal. The steaming 
of the bonemeal will remove the less soluble fats and proteins. The phos-
phorus is available in three main groups: the ammo-phosphates and 
superphosphates in the first group; the reverted or citric-soluble phos-
phoric in the second; and thirdly the phosphatic residues which are also 
citric soluble. In still another group is the phosphate rock. Potassium 
fertilizers occur in the form of potassium chloride, called muriate of 
potash, potassium sulfate, potash magnesia, potassium nitrate and hard-
wood ashes, etc. These are generally quite soluble and readily available, 
but the first two may be acid forming. Phosphorus compounds discussed 
by Pierre (10) are not strongly acid or basic forming in the soil, in fact, 
the purer forms tend to neutralize it but certain combinations may be 
used such as tricalcium phosphates, bi-, or monocalcium phosphates which 
reduce acidity. Petersen (9) states that sodium phosphate has the same 
effect. 
The conditions which may influence the results, aside from the 
fertilizers themselves, are the species of trees used in the tests. It seems 
that the same reagents bring about different results for pine, spruce, and 
Douglas fir, and that the white and yellow pines react differently to the 
same treatment. Again the planting stock may respond in different ways 
1 These studies have been under the direction of the senior author. The theses and 
reports forming the bases for this article were prepared by Lester Marriage, Irving 
Christensen, Joseph Stoeckler, B. A. Bateman, A. L. McComb, Gordon Gray, and C. E. 
Anderson. It was a part of Mr. Stump's work to collect the data from various theses 
and it remained for Professor Larsen to select the more suitable material and prepare 
the report. 
Professor B. J. Firkins in the Department of Agronomy has given valuable 
assistance in suggesting the kinds of fertilizers, quantities and combinations to use. 
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according to age, for those of the second year in the seedbed ordinarily 
show more definite trends than those of the first year. 
No doubt one of the chief causes of variations lies in the soil or the 
media used for the tests, the physical and chemical constitution of which 
are capable of a wide range of variations, and the soil itself at the various 
nurseries where the tests have been made account in no small degree for 
the variable responses reported by the investigators in this field. 
Wahlenburg (11), experimenting on what is a distinctly acid soil in 
Montana, obtained best results with lawn dressing, blood and bonemeal,. 
ammonium sulfate, dried blood, potassium nitrate, ammonium and cal-
cium nitrate. Lunt (4), who used bloodmeal, hyper-humus, magnesium 
sulfate, milorganite, peat moss, red pine duff, sulfur tankage, and Nitro-
phoska on acid soils in Connecticut, obtained poor response with acidifying 
reagents and better responses with Nitrophoska, tankage, potassium 
singly or with phosphorus. 
The first tests in these series were made at the older nursery near the 
Armory. The land here is a part of the general upland plain but with here 
and there a minor depression which has caused the soil to become heavy 
and slightly alkaline. At the State Avenue nursery southwest of Ames, 
the land is largely upland plain with more pronounced slopes. The soil is, 
therefore, better drained, less compacted, and from neutral to slightly acid. 
Anderson's work was carried on on the upland section of this plain and 
the experiments of McComb and Gray on the gentle easterly slopes. 
Christensen and Stoeckler ran their tests in the college greenhouse. 
Marriage (5) conducted his experiments at the Armory nursery in 
1931. The soil is a Wisconsin drift and the propagation beds are located 
in a section with rather heavy and poorly drained soil. Some rotted 
manure had been applied to all of the seed beds at time of installation. 
Six different fertilizers were used in the experiment (see table 1). Of 
these the aluminum sulfate was used in order to try the effect of an acid 
forming substance, and sodium nitrate to test the effect of a basic forming 
material. The seedbed units selected for treatment were 4 x 6 feet and in 
the middle of each a strip 2 x 4 feet was left as a check, the fertilizers being 
applied to the remainder, after the germination was complete and the new 
plants established. Water was applied immediately after the treatment in 
order to prevent injury to the stock by the concentrated chemicals. 
At the end of the second season twenty-four specimens of the stock 
were selected from each treated and untreated plot. (Unfortunately the 
Norway spruce which was treated with sodium nitrate and ammonium 
sulfate were removed from the beds before stock could be selected for 
measurements.) Each seedling selected for records was washed thor-
oughly to remove all foreign material. The stock was allowed to air dry 
before the weights and measurements were taken. The first lateral root 
was used as the division point between the tops and roots. In computing 
the percentage of stem and of roots the controls were taken as 100. The 
top-root ratios expressed in table 1 is the percentage of weights in the 
tops to that of the roots. 
Looking at the results of these first tests it will be observed that the 
2-12-6 at 250 pounds per acre, the aluminum sulfate at 200 pounds per 
acre and the sodium nitrate at 200 pounds definitely stimulated top growth 
of the white pine, and that the aluminum sulfate was the only treatment 
which produced increase in the roots. Ammonium sulfate on the other 
TABLE 1. Effect of fertilizers on top and root growth of white pine, Douglas fir and Norway spruce 
Top-root ratio percentage Growth in percentage Pctg. air dry weight 
Rate White Douglas Norway compared to control 
per White Nor. Doug. pine fir spruce White Doug. Nor. 
Fertilizer acre pine spruce fir Stem Root Stem Root Stem Root pine fir spruce 
2-12-6 ...... .. 250 62 26 95 107 100 104 78 76 92 82 106 91 
Control ...... . .. 57 32 71 100 100 100 100 100 100 100 100 100 
Aluminum 
sulphate .... 200 54 38 70 112 119 98 100 115 92 123 120 109 
Super-
phosphate .. 200 60 49 89 103 101 100 82 138 116 84 95 91 
Control ...... . .. 59 41 72 100 100 100 100 100 100 100 100 100 
Vigoro ....... 250 57 54 84 97 100 94 81 142 108 101 118 121 
Sodium 
nitrate ..... 200 58 .. 71 110 93 93 99 ... ... 118 107 . .. 
Ammonium 
sulfate ..... 150 59 .. 79 102 86 101 93 ... .. . 127 113 . .. 
Control ...... ... 50 .. 73 100 100 100 100 ... ... 100 100 . .. 
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hand inhibited growth in the pine. It was expected that an acidifying 
agent such as the aluminum sulfate would prove of greater value on this 
alkaline soil than the ammonium sulfate. 
Superphosphate and Vigoro were especially beneficial for the Norway 
spruce, both tops and roots, and the 2-12-6 produced no positive results. 
In case of the Douglas fir any and all of the fertilizers used proved of no 
value. There was, however, considerable increase in the total weights with 
the aluminum sulfate. 
Christensen (3) began his experiments at Ames in 1931. His purpose 
was to study the effect of fertilizers of organic and inorganic nitrogenous 
composition, and phosphatic and potash elements on the development of 
2-0 white pine and Norway pine seedlings (after transplanting). These 
tests were made in the greenhouse, using jars containing 4 gallons of 
Carrington sandy loam. This soil contains by weight 45.2 per cent silt, 
18.5 per cent very fine sand, 18.8 per cent fine sand, 4.6 per cent coarse 
loam, 8.5 per cent medium sand and 4.4 per cent clay, 4,005 lbs. total 
nitrogen per acre, 982 lbs. phosphorus in the surface acre and a pH of 5.25. 
Two series of 28 pots were used each containing 40 pounds of soil. 
Each series was treated with the same amount of fertilizer. White pine 
stock was used in one series and Norway pine in the other. 
The seedlings were planted three to the jar, spaced three inches apart 
and planted at the same depth as they would have been set in the nursery. 
Soil moisture was kept near 66 per cent of the saturation and the plants 
received the utmost care. 
Before setting the seedlings in the jars, each plant was weighed and 
measured for lengths of roots and tops. All soil and surface water was 
removed from the plant before weighing, and the measurements were 
taken under water to prevent exposure and drying out of any part of the 
roots. As is customary in nursery practice the roots were cut to a maxi-
mum length of 8 inches below the ground line before weighing. The 
increase in weight will therefore show the actual amount of root used in 
field planting and which of the fertilizers produced the best root develop-
ment within this area. The application of the fertilizers and their results 
are given in table 2. 
At the end of seven months the trees were removed from the jars and 
each tree was weighed and measured separately. In the 2-0 white pine 
the rotted manure and superphosphate gave the best results. Dried blood 
and a heavy application of superphosphate were next best. The rotted 
manure and the dried blood produced the greatest amount of top growth. 
Only slight effects were noted with Nitrophoska and fresh manure. A 
liberal application of dried blood and a light treatment with muriate of 
potash plus superphosphate and the Nitrophoska gave good top-root bal-
ances. It appears that the superphosphate, the muriate of potash with 
superphosphate and the ammonium phosphate stimulated root growth of 
the white pine. The sodium nitrate plus muriate of potash, the heavy 
application of the muriate of potash plus ammonium phosphate decreased 
growth very decidedly. 
Results of the fertilizers upon Norway pine differed much from those 
obtained for the white pine. In this species the sodium nitrate and muriate 
of potash gave the best increases of weight. The heavy treatment with the 
muriate and Nitrophoska were next in rank. Dried blood gave negative 
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TABLE 2. Effect of fertilizers an seedlings of white pine and Norway pine 
White pine Norway pine 
Pounds Stem Weight Sur-
per increase increase viva! I ~eight I s:iir-mcrease viva! 
Fertilizer acre inches pctg. pctg. Fertilizer pctg. pctg. 
Rotted manure. 
Superphosphate 
(light) .. . .. . 
Dried blood . . . 
Superphosphate 
(heavy) .. ... 
Sodium nitrate 
(light) . . . . . . 
16,000 5.03 
200 .61 
100 .73 
400 .89 
100 .47 
217.0* 
144.5 
112.0• 
106.l t 
77.5 
Sodium nitrate 
muriate 
50.0 potash . . . . . . 62.7 
Muriate potash I 
100.0 (heavy) . . . . 61.6 
100.0 Nitrophoska . . 31.1 
Superphosphate 
100.0 ,(heavy) . . . . 30.3 
Sodium nitrate I 
100.0 (heavy) . . . . 29.4 
Sodium nitrate muriate I Superphosphate I =-=-(_h..,..e_avy~>-·---,· ,.--· -·-;--_2_00---1 __ ._47_-+-_3_9_.5_-+---_10_0_.0_ potash . . . . . . 14.8 
Muriate potash I Sodium nitrate I (light) . . . . . . 100 .63 35.4 100.0 (light) . . . . . 5.7 
Muriate potash I I (heavy) . . . . . 200 .14 28.3 100.0 Check . . . . . . . . . ... . 
Ammonium I Muriate potash I 
phosphate . . . 150 .21 25.3 83.3 (light) . . . . . - 2.1 
Muriate + Ammonium I 
superphosphate 300 .65 22.6 100.0 phosphate . . -21.1 
Nitrophoska ... 
Fresh manure . . 
Check .. . . . ... . 
Sodium nitrate 
muriate potash 
106 .60 
16,000 1.08 
200 .85 
• Due more to top development. 
t Due more to root development. 
16.3 I Superphosphate I 100.0 (light) . . . . . - 22.9 
10.1 66.6 Fresh manure. I -29.2 
100.0 Dried blood . . I -42.4 
-21.2 100.0 Rotted manure 1-64.8 
33.3. 
I 33.3 
I 66.6 
I 50.0 
I 50.0 
I 100.0 
I 100.0 
I 100.0 
I 50.o 
I 100.0 
I 100.0 
I 50.o 
I 100.0 
I 33.3 
results. Superphosphate, Nitrophoska and dried blood produced the best 
roots, and the rotted manure stimulated height growth. 
Stoeckler (8) ran his experiments in the college greenhouse in 1931 
using the 4-gallon jars. He also aimed to learn the effects of various 
organic and inorganic fertilizers in stimulating growth and development. 
of evergreen nursery stock. The fertilizers were used singly and in 
combination and at different rates of application. The Carrington loam 
which he used gave essentially the same tests as that used by Christensen. 
It showed a total nitrogen of 4,294 pounds per acre and a phosphorus of 
1,238 pounds; a pH of 5.75. 
Series I and II consisted of 32 4-gallon jars each of 2-0 Norway pine 
and Black Hills spruce (sometimes called white spruce), Picea aLbertiana 
glauca. All applications were run in duplicate with four controls. The fer-
tilizers were applied to the upper two inches of soil and allowed to perco-
late into the soil by several weeks' watering. After this treatment the 
plants were measured and weighed and set in the jars. Before weighing 
the roots were cut to 10 inches in length. 
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In series III blocks of the nursery soil, in which were 1-0 white pine 
seedlings, were taken from the nursery bed, trimmed down to fit the 
.1-gallon jars, and the fertilizers applied to the surface. In series IV, in 
which jack pine seed was used, the fertilizers were worked into the upper 
two inches. When the jack pine seedlings were up and well estab-
lished they were thinned to about 25 per jar. Distilled water was applied 
to the jars every three or four days. 
When the final weights and measurements were taken in May, it was 
.found that practically no height growth had taken place in any of the 
:Series, although those which responded to the treatment showed distinct 
TABLE 3. Effect of fertilizers on transplants uf Norway pine and white spruce 
(Series I and II) 
Norway pine, series I White spruce, series II 
Total weight Total weight I 
Gms. Pounds seedlings \ In- seedlings In-
per per grams crease grams crease 
Fertilizer jar acre 1930 1931 pctg. 1930 1931 pctg. 
·Concentrated 3.12 500 8.33 10.82 30 3.90 5.60 44 
tankage 6.24 1,000 10.33 12.35 20 4.43 6.35 43 
Steamed 1.87 300 12.60 15.82 26 I 3.50 I 5.27 51 ·bone meal 3.74 600 8.60 12.05 40 4.77 5.82 22 
2-1-1 1.25 200 
superphosphate .624 100 
plus .208 33 16.34 22.85 40 3.67 4.60 25 
muriate potash 2.50 400 
sodium nitrate 1.25 200 
.416 66 10.75 17.22 60 3.44 4.45 29 
Ammonium .97 155 12.47 17.23 38 2.78 3.80 37 
suliate 1.94 310 10.32 11.80 14 2.65 3.80 43 
:Superphosphate .75 120 20.68 27.10 31 2.92 4.05 39 
1.50 240 16.53 23.67 43 2.10 2.85 36 
Muriate potash .62 100 
_plus .75 120 14.31 21.52 50 2.40 3.70 54 
.superphosphate 1.25 200 
1.50 240 16.91 21.25 26 1.91 3.00 57 
Ammonium suliate .97 155 
plus .75 120 14.96 23.98 60 3.08 4.32 40 
superphosphate 1.94 310 
1.50 240 13.67 20.19 48 3.07 3.75 22 
Check I .... .. .. 24.93 31.60 27 5.67 7.00 I 24 
:increase in the fullness of the tops and bushier crowns. However, a very 
distinct difference in root development between the fertilized and un-
-fertilized stock was revealed, and the results give strong proof that root 
growth of conifers raised in the greenhouse, or in the nursery where the 
·soil temperatures are suitable, may begin several months earlier than the 
tops. At the end of the experiment some roots were 24 inches long, al-
though they had been cut to a length of 10 inches when installed in the fall. 
In series I and II we find that the 2-1-1 combination of superphos-
-phate, muriate of potash and sodium nitrate gave an increase of 40 per cent 
over the checks for Norway pine. This combination without the nitrate 
;gave 50 and 26 per cent increase, somewhat better for the spruce than for 
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TABLE 4. Effect of fertilizers on 1-0 white pine and seedlings of jack pine 
(Series III and IV) 
Series III, Series IV, 
1-0 white pine jack pine seed 
Total Total 
weight of weight of 
Pounds seedlings seedlings 
per acre grams Rating grams Rating 
Check 2.30 100 4.0 100 
Concentrated 1,500 2.40 100 
I 
4.33 108 
tankage 3,000 2.12 88 3.55 89 
Steamed 900 3.20 137 3.75 96 
bone meal 1,800 2.80 117 5.66 142 
Sodium nitrate 600 
superphosphate 300 
muriate potash 99 1.90 79 3.00 75 
2-1-1 1,200 
ratio 600 
198 2.25 94 4.12 103 
Ammonium 485 2.50 104 4.50 113 
sulfate 930 2.25 94 3.75 94 
Superphosphate 360 4.25 177 4.30 108 
720 4.85 202 7.00 175 
Muriate of potash 300 
plus 360 2.45 102 5.70 143 
superphosphate 600 
720 2.80 117 9.00 225 
Ammonium sulfate 465 
plus 360 2.15 90 6.90 173 
superphosphate 930 
720 2.35 98 4.00 100 
the pine. (Results for the light applications are stated first and the heavy 
last.) Superphosphate singly gave 31 and 43 per cent increase for the 
pine; 39 and 36 per cent for the spruce. The checks show 27 per cent 
increase for pine and 24 for spruce. Aluminum sulfate and superphos-
phate also gave very good results with 60 and 48 per cent increase in 
weight for the pine and 40 and 22 for the spruce. Stoeckler did not go into 
the matter of top measurements in the nitrogenous fertilizers, thinking 
it not worth while since no top growth was observed, yet the photographs 
indicate a very decided increase in the fullness of the tops. 
For the white pine in series III the applications of superphosphate 
ranked first with 177 per cent increase for the light and 202 per cent for 
the heavy treatment. (100 is used for the checks.) Steamed bone meal 
proved next best with 137 and 117 (light and heavy use), while the 
muriate of potash and superphosphate came in third with 102 and 117. 
These figures are based on the total weights of the seedlings after the 
roots had been trimmed to 10 inches below the soil surface. In the case 
of jack pine, which had been raised from seed in the greenhouse, the 
muriate of potash and superphosphate combination came in first with 143 
and 225 per cent increase and the superphosphate second with 108 and 175. 
There is some objection to tests with fertilizers run in the greenhouse 
on the ground that the soil in the jars may be less satisfactorily aerated 
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than is the case in the nursery, that the circulation of the carbon dioxide 
and nitrogen is somewhat impeded which through the decomposition of 
the organic fertilizers play an important role in dissolving certain plant 
foods. For these reasons the fertilizers which require oxygen for decom-
position or carbon dioxide for solubility may never be able to bring out 
their full values. On this account the results obtained in the greenhouses 
may not apply in the nurseries. 
Bateman, Gray and McComb (2) tested the effects of certain com-
mercial fertilizers on coniferous nursery stock in 1932 at the State Avenue 
nursery. They used northern white pine and red pine and Norway spruce 
in seed beds, 1-0 and 2-0 transplanted stock. Seven different fertilizers 
were used, each with light, medium and heavy application; Urea, urea and 
lime, ammonium sulfate, dried blood and bonemeal, 1: 2, Sheepo, 4-12-0, 
Vigoro and Vigoro plus 4-12-4. (See table 5.) The seedbeds were 3x12 
feet divided into four 3 x 3 sections, each sectioq separated by a 1" x 6" 
board placed on edge. The seeded plots were previously treated with 
formaldehyde at the rate of 5 gallons of 1 per cent solution per nine square 
feet of surface. 
In the case of the transplants there were 55 t:rees of 1-0 and 44 of the 
TABLE 5. Effect of fertilizers on white pine seedlings, 1-0 and 2-0 transplants 
Seeds 
planted in 
fertilized 1-0 2-0 
beds transplants transplants 
-· 
Average Average Average 
. Amount length length length Stem 
per plot cm. cm. cm. diam. 
Fertilizer grams Tops Roots Tops Roots Tops Roots mm. 
Urea 12.502 9.6 17.7 9.4 28.0 
I 
18.4 38.1 6.6 
18.753 10.6 20.7 8.6 24.1 21.5 33.9 6.6 
Control 10.5 20.7 8.2 26.3 16.8 33.3 6.6 
Ammonium 28.115 10.9 20.5 9.0 26.2 17.6 35.4 6.3 
sulfate 42.173 9.8 20.1 9.9 32.5 12.5 34.4 4.9 
Control 9.8 20.2 10.3 33.1 15.3 29.9 5.6 
Urea 12.50- 749.75 7.9 19.9 10.7 19.8 22.1 31.4 8.5 
and 18.75-1124.63 7.9 16.2 10.4 32.0 18.6 28.4 7.4 
lime Control 8.7 21.8 9.5 28.2 17.4 30.2 6.6 
Dried blood 52.351-38.781 10.3 22.7 9.5 21.2 18.8 36.2 7.1 
and 78.527-58.171 9.1 22.3 9.8 15.3 17.9 29.9 6.7 
bone meal Control 9.3 15.4 9.1 30.6 17.3 31.6 6.9 
Sheepo 374.87 7.7 14.9 9.4 31.1 16.2 32.9 6.5 
562.31 8.8 16.9 10.2 25.7 19.2 38.8 7.5 
Control 11.5 21.0 9.1 26.8 16.6 28.6 6.9 
4-12-0 140.58 8.6 23.2 ... . .. 21.6 34.0 8.1 
210.87 7.2 23.0 10.2 30.5 23.3 32.1 7.9 
Control 8.1 22.9 10.3 23.2 17.4 28.4 6.2 
Vigoro 140.58 8.9 19.6 ... ... 18.6 35.6 7.1 
4-12-4 210.87 8.8 22.8 9.9 25.4 18.1 32.5 6.7 
Control 9.8 23.2 8.4 20.8 20.8 32.9 7.2 
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2-0. The fertilizers were weighed out and applied to the upper two inches 
of soil. The dried blood and bone meal nitrogen was on the basis of 30, 
60 and 90 grams and for phosphorus 60, 120 and 180. The dried blood con-
tained 10 per cent nitrogen and bone meal, 1 per cent phosphorus and 29 
per cent potassium. The Sheepo was rated at 1.5 per cent nitrogen and 
0.7 per cent P 20 5• The superphosphate had 20 per cent phosphorus. 
Analysis of the nursery soil, made in triplicate, showed 50.8 to 52.4 
per cent sand; 12.4 to 20.4 per cent silt, and 20.0 to 27.2 per cent clay; an 
hygroscopic coefficient 4.40 to 5.57; capillary capacity 45.9 to 55.6; carbon 
1.288 to 1.636; organic matter 2.220 to 2.826; pH of 5.23 to 5.38; nitrogen 
0.131 to 1.154 per cent and P 20 5 from 0.0535 to 0.0580 per cent. 
Measurements of the height of stem, length of roots and diameter of 
the stem at ground line were recorded at the end of the first and second 
years. The plants were then cut in two and the tops and roots dried sep-
arately in an oven at 105 degrees C. to a constant weight. The dried 
samples were weighed and the averages computed for each of the ferti-
lizers used. (McComb did this the first year and Bateman the second.) 
Somehow this experiment did not give satisfactory results. There 
were considerable variations in the results and a lack of definite tendencies 
expressed. In some cases the transplant survival was deemed insufficient 
for reliable data, especially in case of the spruce. For these reasons most 
of the original tabular data have been omitted. 
Increase in top and root growth gives no consistent relation for the 
seedlings, 1-0 and 2-0 transplants throughout, nor were the two species 
affected in the same direction by the same fertilizer. 
Considering the white pine in table 5 it is observed that urea stimu-
lated top growth of the 2-0 stock and caused no effect on the rest; 
ammonium sulfate produced no general effect but decreased the tops and 
increased the roots of the 2-0 appreciably. The effect of urea and lime was 
generally to reduce root development with no top stimulation. Dried 
blood and bone meal tended to increase the top-root ratio. Results with 
the Sheepo are negligible except in one instance where a remarkable boost 
showed in root development of the 2-0 stock, especially with the heavy 
application. The 4-12-4 was ineffective on the seedlings but showed some 
stimulation in the tops and roots of the 2-0 white pine. Vigoro and 4-12-4 
appears to have augmented both tops and roots of the 1-0 during the first 
and second seasons. 
The fertilizers which evidently became almost immediately available 
for white pine are ammonium sulfate, 4-12-0 and 4-12-4. Sheepo, on the 
other hand, is of much slower action and would be more suitable for use 
on stock which remains longer in the nursery. In general it may be said 
that, since the soil used in these tests is in itself fairly fertile, differences 
induced by the use of fertilizers would tend to diminish, as they have in 
these experiments. 
Anderson (1) conducted his experiments in 1933 in the State 
Avenue nursery at Ames on first year white pine seedlings. 
The various fertilizers used are given in table 6. Each of the 4 x 12 
nursery beds was divided into three sub-sections designed for individual 
treatment. The soils were of the Carrington and Dickinson loam. These 
are quite similar in their chemical composition, but the Dickinson contains 
more of the sand and shows therefore 6 per cent lower field moisture. 
During the growing season the soil moisture was maintained at from 
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TABLE 6. Effect of fertilizers on 1-0 white pine seedlings 
Height Oven-dry weight 
of Root 100 plants Mineral absorption 
stem length Tops Roots Total N percentage I P percentage 
Fertilizer cm. cm. gm. gm. gm. Tops Roots I Tops I Roots 
Check ... .. 6.18 23.12 9.80 5.35 15.15 1.30 1.rn 1 .650 ~ 
Sodium 
I nitrate .... 6.03 19.92 9.65 4.85 14.50 . 1.35 1.09 .561 .706 
Ammonium 
I sulfate .... 6.16 22.38 10.23 5.53 15.76 1.70 1.22 .574 .607 
Dried blood . . 6.26 23.14 11.14 5.13 16.27 1.77 1.30 .644 .687 
Super-
phosphate . . 6.17 25.82 11.14 5.80 16.94 1.60 1.06 .650 .743 
Muriate of 
potash .... 6.69 24.47 10.00 5.26 15.26 1.16 .92 .542 .632 
Bone meal .. 5.85 24.25 10.33 5.33 15.66 1.47 1.05 I .662 .708 
Ammonium 
sulfate 
+super-
phosphate . . 6.35 25.40 12.00 7.00 19.00 1.89 1.37 .662 .671 
Ammonium 
sulfate+ 
muriate of 
potash .... 6.41 21.99 10.35 5.00 15.35 1.86 1.47 .575 .644 
Superphos-
phate + 
muriate of 
potash ... . 6.15 24.93 12.13 5.40 17.53 1.47 1.13 .673 .731 
Superphos-
phate + 
ammonium 
sulfate .... 6.85 24.27 10.85 5.50 16.35 1.70 1.35 .598 .706 
40 to 60 per cent of the capillary capacity. Soil analysis previous to the 
installations give: sand 50.8 to 66.8 per cent; silt 12.4 to 20.4 per cent; 
clay 20.8 to 29.4 per cent; hygroscopic coefficient 4.40 to 5.57 per cent; field 
moisture 14.85 to 20.57 per cent; capillary capacity 45.9 to 55.6 per cent; 
carbon 1.28 to 1.63 per cent; organic matter 2.22 to 2.82 per cent; pH 5.23 to 
5.38; nitrogen 0.131 to 0.154 per cent; P20 5 0.053 to 0.059. 
In these experiments 20 per cent of the superphosphate and steamed 
bone meal is equivalent to 160 pounds of available phosphorus per acre. 
Both the phosphorus and the potassium when added to the soil may be-
come unavailable due to several possible combinations. Soil tests which 
were made subsequent to the application of the fertilizers indicate that 
differences which may have been brought about by the treatment would 
not be over 160 pounds per acre, an amount or amounts difficult to dis-
tinguish by ordinary methods of testing. 
Of considerable interest in this connection are tests which Anderson 
made of the mineral absorption by the tops and roots subsequent to the 
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measurements and weights. These may help explain the relative values of 
the results and throw light on their availability. 
Anderson found only slight differences in growth between the treated 
and the untreated stock at the end of the first summer. (Measurements 
and weight which were obtained at the end of the second season may come 
to light later.) He believed this due to the relatively high fertility of the 
soil itself before application of the fertilizers. The seedlings themselves 
remove only a small portion of the nutrients, especially 1-0 stock; the 
results which appear insignificant at the end of the first growing season 
may become important at the end of the second. 
In these tests it was observed that sodium nitrate and ammonium 
sulfate showed very little effect. Perhaps the sodium nitrate should have 
been applied after, instead of before the germination. The nitrogen seems 
to have increased top growth in most cases, especially when it was com-
bined with ammonium sulfate, superphosphate or muriate of potash. 
(Some agency in the soil may have rendered the nitrogen unavailable.) 
Even the steamed bone meal treatment remained ineffective, but when-
ever superphosphate was used, either singly or in combination, a distinct 
increase in weight was observed, and more so in the roots than tops. 
Ammonium sulfate and superphosphate in combination gave the greatest 
increase in weight. Anderson stated that this gain is most likely caused 
by the superphosphate since the ammonium sulfate singly gave only slight 
benefit. Muriate of potash and superphosphate in combination also pro-
duced better and heavier stock. 
By scanning the data in table 6 we may observe that the absorption 
of nitrogen by the tops was increased mostly by the use of nitrogen fer-
tilizers, especially by the ammonia compounds; results with the dried 
blood and sodium nitrate were intermediate and low for muriate of potash. 
The absorption of nitrogen by the roots was highest with ammonia com-
pounds, medium with superphosphate and bonemeal and lowest with the 
muriate. The use of the phosphorus showed but slight increase of this 
mineral in the roots and no appreciable increase in the tops. 
Anderson stated that phosphorus and potassium may form combina-
tions in the soil and thus become unavailable to the plants. In this con-
nection the following from Nemec (7) are of interest: "In some instances 
favorable results were obtained in height growth of evergreen seedlings 
in the nursery with 40 per cent potassium salts but only if the soils were 
neutral or alkaline and contained an insufficient amount of soluble potas-
sium (less than 160 miligrams of K 20 soluble in 1 per cent citric acid). 
In a soil group with an acid reaction indicative of a higher chlorine con-
tent the fertilizing with salts of potassium indicated no increase in growth 
of the pine, even in the case where the soil lacked potassium to a large 
extent. The retarding influence of the 40 per cent potassium salts would 
not result from the K 20 content but from the unfavorable influence of 
the chlorine in the potassium salts. The fertilization with potassium sul-
fate was not attended with favorable results. Fertilization with potassium 
has in most cases shown a decrease in the absorption of this element in the 
pine needles." 
SUMMARY 
Tests were made of the effect of organic and inorganic fertilizers on 
evergreen forest planting stock at Ames, Iowa, by several graduate stu-
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dents in the Department of Forestry. Some of the more outstanding re-
sults are as follows: On a somewhat alkaline soil the aluminum sulfate, 
sodium nitrate and 2-12-6 definitely increased top growth of white pine; 
aluminum sulfate stimulated root development of white pine and Douglas 
fir; superphosphate and Vigoro benefitted both tops and roots of the 
Norway spruce. (Marriage.) 
In the greenhouse tests the rotted manure, superphosphate and dried 
blood stimulated top growth of white pine but dried blood, with muriate 
of potash plus superphosphate and Nitrophoska gave increased growth 
and good top-root balance. For Norway pine the sodium nitrate and muri-
ate of potash gave marked increase in weight but there was no response 
with dried blood alone. (Christensen.) 
Tests with Norway pine and white spruce in the greenhouse re-
sponded well to superphosphate, muriate of potash and sodium nitrate in 
combination; the nitrate, however, did not seem essential for the spruce. 
Both the pine and the spruce responded well to treatment with superphos-
phate and aluminum sulfate. In case of white pine and jack pine a combi-
nation of superphosphate, steamed bone meal or superphosphate with 
muriate of potash gave good results. (Stoeckler.) 
Bateman, Gray and McComb obtained increased top and root growth 
of white pine in the nursery with Vigoro and 4-12-0; increase in tops over 
the roots with dried blood and bone meal; Sheepo and 4-12-4 appeared 
rather slow acting for one year white pine stock. 
In another set of experiments carried out in the nursery, super-
phosphate increased the weights of 1-0 white pine very materially, 
especially the root parts; some response was also noted with sodium 
nitrate when combined with superphosphate or ammonium sulfate. 
Steamed bone meal remained ineffective. 
The absorption of nitrogen by the leaves was augmented by the 
ammonia compounds, superphosphate, dried blood and sodium nitrate, 
and the superphosphate, bone meal and muriate of potash combination 
tended to increase the absorption of phosphorus in the roots. (Anderson.) 
In general the use of nitrogen fertilizers gave increase in top growth 
of the seedlings and transplants and those containing phophorus definitely 
increased root development. In the nursery a combination of fertilizers 
containing nitrogen, phosphorus and potassium was in most instances 
more effective than a single treatment of only one element, both in the 
organic and inorganic applications. In the greenhouse tests single elements 
frequently proved more effective. 
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PLATE I. 
FIG. 1. (upper) Two-year-old white pine seedlings, fertilized with aluminum sulfate. 
D---Two hundred pounds per acre. 
F- Two hundred fifty pounds per acre. 
E--Control. 
FIG. 2. (center) Two-year-old white pine seedlings. 
D---Fertilized with Vigoro at 250 pounds per acre. 
F-Fertilized with superphosphate at 200 pounds per acre. 
E--Control. 
FIG. 3. (lower) Two-year-old white pine seedlings. 
D-Fertilized with ammonium sulfate at 150 pounds per acre. 
F-Sodium nitrate at 200 pounds per acre. 
E--Control. 
FERTILIZERS FOR EVERGREEN SEEDLINGS 307 
PLATE I. 
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PLATE II. 
FIG. 1. (upper) Norway pine in greenhouse fertilizer experiments. 
D-Muriate of ootash. 
F.-Superphosphate. 
E-Control. 
FIG. 2. (lower) Norway pine in greenhouse fertilizer experiments. 
A-Ammonium sulfate. 
C-Superphosphate. 
B- Control. 
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PLATE III. 
One- year-old white pine in nursery fertilization experiments. 
J-Superphosphate and muriate of potash at 800 and 160 pounds per acre, respectively. 
B--Control. 
K- Ammonium sulfate and superphosphate at 400 and 800 pounds per acre, respectively. 
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Lemna, growth of, in absence of organic 
matter, and formation of vitamins, 11 
Lemna, reproduction of, and vitamin con-
tent, 63 
Linear topological spaces, 373 
Lipolytic bacteria, 313 
Loams, silt, microbiology of, 104 
Lower cost diets for hatchery trout, 27 
Malareus jordanis, n. sp., from Mexico, 
337 
Mammals, Collection of, from Iowa in 
1938, 239 
Mannitol, effect of concentration of, upon 
production of levulose by action of 
Aecetobacter ruboxydans, 279 
Margarine, treated, effect of, on vitamin 
A potency, 353 
Meal, alfalfa, assay of, 244 
Meal, dried fish, assay of, 243 
Metabolism, anaerobic bacterial, vitamin 
Bi in, 107 
Metabolism, bacterial thiamin effects in, 
365 
Metalation of cyclic compounds, 41 
Method for recording evaporation from a 
porous atmometer cup, A, 17 
Methylene blue, action of, on fats, 323 
Microbiology, features of, in Webster and 
Tama silt loams, 104 
Micro-organisms, action of, on fats, 313 
Milk, coagulation of, by Lactobacilli, 95 
Milk, ewe's, vitamin D content of, 238 
Milk, production of, factors affecting, 250 
Milk, production of, of Simmenthaler 
grade cows, 249 
Miridae, new species from North Amer-
ica, 1 
Molds, irradiated, effect of, on milk, 238 
Mustela frenata primulina Jackson 
(Missouri weasel), from Iowa, 240 
M. rixosa subsp. (Least weasel), from 
Iowa, 239 
Myotis rubulatus sublutatus (Say) (Say 
bat), distribution of, 240 
Myristic, acid, derivatives useful for 
characterization of, 144. 
New species and records of Siphonaptera 
from Mexico, 335 
New species of Psyllidae from western 
United States, 181 
Nile blue sulphate, action of, on fats, 314 
Nile blue sulphate, oxidation of aqueous 
solution of, 317 
Nile blue sulphate, pH range of, 316 
Nitrogen, absorption of, in evergreen 
seedlings, 304 
Notes on Typha angustifolia L. in Iowa, 
341 
Noteworthy additions to the collection of 
mammals from Iowa in 1938, 239 
Oazone, fat soluble, oxidation of, 318 
Occurrence of acrolein as an intermediate 
during the fermentation of glycerol by 
the coli-aerogenes bacteria, 275 
Oil, cocoanut, treated, effect of on vitamin 
A potency, 353 
Organic matter, effect of, on vitamin con-
tent of grain, 9 
Oxidation, of pyruvic acid, by propioni-
bacterium, 365 
Palmitic, acid, derivatives useful for 
characterization of, 144 
Passage-time of various types of normal 
and poisoned foods through the ali-
mentary tract of the cockroach, Peri-
planeta americana Linn., 93 
Pelican, white, migration of, in Iowa, 199 
Periplaneta americana, passage-time 
through alimentary tract of, 93 
Pipistrellus su.bflavus rubflavus (Geor-
gian bat), from Iowa, 239 
Prairie chicken, migration of, in Iowa, 
189 
INDEX 395 
Pressure-aeration effects on the dissimi-
lation of glucose by Aerobacter indolo-
genes, 157 
Principle of the Archimedean screw in 
chemical engineering, The, 91 
Propionibacterium, oxidation of pyruvic 
acid by, 365 
Propionibacterium pentosaceum, 107, 366, 
367 
P. peterssonii, oxidation of pyruvic acid 
by, 365 
Psylla phorodendrae, n. sp., description 
of, 186 
Psyllidae, new species of, from western 
United States, 181 
Pulicidae, (family), species of, collected 
in Mexico, 335 
Pyruvic acid, oxidation of, 365 
Quadratic forms, symmetric, 231 
Radiography, equipment for, with soft 
x-rays, 283 
Raman frequencies of carbon-mercury 
bond, 78 
Rangifer sp. (Caribou), hypothetical oc-
currence in Iowa, 241 
Ration, basal, biological assay of feeding 
stuffs in, for coccidium-growth-pro-
moting substances, 243 
Reuteria bifurcata, n. sp. 130 
R. fusicornis n. sp., 129 
R. irrorata (Say), 129 
R. Puton: four new species from the 
United States (Hemiptera, Miridae), 
129 
R. pollicaris, n. sp., 131 
R. querci, n. sp., 131 
Ring structure in some derivatives of 
sorbose, The, 97 
Seedlings, evergreen, fertilizers for, 293 
Siphonaptera, new species and records 
of, from Mexico, 335 
Some experiments with fertilizers for 
evergreen seedlings, 293 
Some factors affecting the Raman fre-
quencies of the carbon-mercury bond, 
78 
Some factors affecting the times of solu-
tion of dextrose, 50 
Sorbose, ring structure in derivatives of, 
97 
Spaces, topological, linear, 373 
Species, new, of, Siphonaptera, from 
Mexico, 335 
Starch-enzyme digestion, products of, 81 
Stearic, acid, derivatives useful for char-
acterization of, 144 
Stresses in moderately thick rectangular 
plates, 67 
Strongylocoris albibasis, n. sp., 5 
S. ambrosiae, n. sp., 5 
S. atritibialis, n. sp., 2 
S. Blanchard: six new species from 
North America (Hemiptera, Miridae), 
1 
S. breviatus, n. sp., 1 
S. hirtus, n. sp., 4 
S. pa.llidicornis, n. sp., 4 
Studies on chlorine disinfection, 54 
Studies on Lactobacillus cultures that 
actively coagulate milk, 95 
Studies on the fat of cheddar cheese, 149 
Studies on the physical-chemical proper-
ties of honey, 100 
Study of cholesterilene, A, 329 
Sulfur analogs of furan types, 70 
Symmetric quadratic forms, distribution 
of, in normal and independent vari-
ables, 231 
Tetracha, species of, in Iowa, 202 
T. virginica Linn., 203 
Theory of topological order in some 
linear topological spaces, The, 373 
Thiamin effects in bacterial metabolism, 
365 
Thomson's theory, application of, 25 
Tocicity of methyl formate, ethylene ox-
ide and methyl bromide in admixture 
with carbon dioxide, to the rust-red 
flour beetles, 73 
Topological, theory of order, in some 
linear topological spaces, 373 
Trioza beameri n. sp., description of, 182 
T. f orcipula n. sp., description of, 183 
T. inversa n. sp., description of, 185 
T. occidentalis n. sp., description of, 184 
T. phorodendrae n. sp., description of, 
182 
T. pulla n. sp., description of, 184 
T. rubra n. sp., description of, 185 
T. stugma n. sp., description of, 183 
Trout, hatchery, lower cost diets of, 27 
Typha angustifolia, habitat of, 343 
T. angustifolia, L., in Iowa, 341 
Variables, normal and independent, dis-
tribution of symmetric quadratic forms 
in, 231 
Vitamins A, B, and C, in lemna, 9 
396 INDEX 
Vitamin A, effect of treated fats on po-
tency of, 353 
Vitamin B, 366 
Vitamin Bi, function of, in anaerobic bac-
terial metabolism, 107 
Vitamin D, source of, in ewe's milk, 238 
Weasel, Least, occurrence in Iowa, 239 
Weasel, Missouri, occurrence in Iowa, 240 
Wheat flour, white, assay of, 245 
X-ray tube, gas-type, construction of, 
269 
X-rays, soft, equipment for radiography 
with, 283 
Yeast, irradiated, effect of, on antirachitic 
potency of ewe's milk, 235 
Zinc dust; treatment of cholesteral with, 
331 
